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PREFACE 


This volume is a Special Issue in honor of Professor James Bertram Collip 
on the occasion of his 65th birthday. It symbolizes the respect and affection 
of many for Dr. Collip and expresses their appreciation of his personal con- 
tributions to science, to the organization and advancement of Canadian 
investigation and to the development of this Journal. 


This volume was planned and collected by a Committee consisting of: 


O. F. Denstedt A. H. Neufeld 
K. A. C. Elliott R. L. Noble 
G. H. Ettinger D. L. Thomson 


R. F. Farquharson 


J. S. L. Browne, Chairman 


It contains a biography by Dr. D. L. Thomson and invited papers from 
the following authors or co-authors who have been students or colleagues 


of Dr. Collip. 


D. Adams, O. F. Denstedt, R. L. Noble, H. Selye, 
Dunedin, Montreal, London, Montreal, 

New Zealand Quebec Ontario Quebec 

Evelyn Anderson, J. B. D. Derrick, A. H. Neufeld, G. S. Stewart, 
Bethesda, London, Montreal, Chicago, 
Maryland Ontario Quebec Illinois 

R. W. Begg, C. R. Engel, . C. Paterson, . A. F, Stevenson, 
London, London, ondon, ndon, 
Ontario Ontario Ontario Ontario 

C. H. Best, A. Gold, L. I. Pugsley, N. B. G. Taylor, 
Toronto, Montreal, Ottawa, Toronto, 
Ontario Quebec Ontario Ontario 

A. F. Burton, C. N. H. Long, . C. Rathbun, D. L. Thomson, 
London, Newhaven, ondon, Montreal, 
Ontario Connecticut Ontario Quebec 

W. R. Campbell, T. McKeown, H. M. C. Robinson, A. C. Wallace, 
Toronto, Birmingham, London, Winnipeg, 
Ontario England Ontario Manitoba 

K. K. Carroll, Jean Millar, R. J. Rossiter, 

London, Chalk River, London, 

Ontario Ontario Ontario 

R. A. Cleghorn, M. K. McPhail, J. M. Salter, 

Montreal, Suffield, Toronto, 

Quebec Alberta Ontario 


In addition to these, many other former students and colleagues of Dr. 


Collip who were written to wished to pay a tribute to him but were unable 
for various reasons to submit papers. 

The Committee is grateful to Charles E. Frosst and Co. and to Dr. E. 
Lozinsky, who permitted the reproduction of the photograph by Karsh, 
which appears as the frontispiece. 


J.S.L.B. 











DR. JAMES BERTRAM COLLIP 


This special number of the Journal celebrates Dr. Collip’s 65th birthday. 
All his friends and associates, including those who for one reason or another 
were unable to contribute articles at this time, hope that he will regard it 
as a testimony of their sincere respect and affection, and even perhaps as 
something of an honour—a small one among the many that have come his 
way, but, it may be, infused with a more personal note than most. Yet 
they will remember that he already holds the C.B.E., and the Canadian 
Forces Decoration; he has been a Fellow of the Royal Society of Canada 
since 1925, an F.R.S. since 1933; he has been granted honorary degrees by 
Alberta, Harvard, Laval, Manitoba, McGill, Oxford, and Queen’s; further 
recital would become tedious. 

Nevertheless, I venture to think that, of all the letters he is entitled to 
put after his name, the ones which give him the greatest pleasure and pride 
are the letters ‘‘M.D.”’ Collip has always thought of Biochemistry as the 
servant of Medicine, and in all of his own work the possibility that his dis- 
coveries might mitigate human suffering has never been far from his mind. 
Quite unenthusiastic about the general popularization of science, and by no 
means fond of lecturing, he would rarely refuse an invitation to explain 
what he was doing to a medical audience. He used to astound me by saying 
that if he had to restrict his reading to one single Journal, it would be the 
Journal of the American Medical Association; and | have since suspected that 
the first step I took into his good graces, quite unknowingly, was when I 
bought myself a copy of Osler’s textbook a few weeks after coming to McGill. 
Only the thought that Canadian Medicine needed him could have tempted 
him out of his laboratory into administrative work during and since the war, 
and his appointment as Dean of a Faculty of Medicine was in this sense a 
fitting crown to his career. It is pleasant to record that.Medicine has recog- 
nized this devotion: he is a Fellow of the Canadian, British, and American 
Colleges of Physicians, and of the American College of Obstetrics and Gyn- 
aecology. 

Collip was born in Belleville, Ontario, on November 20, 1892. He went 
from the High School there to the University of Toronto, where, after com- 
pleting his undergraduate course, he became a Research Fellow in Biochem- 
istry and took his Ph.D. under Professor A. B. Macallum. It is of interest 
to record that his first publication (I think) was an attack, daring in the light 
of the knowledge and techniques available at the time, upon a problem 
which has loomed very large in recent years: the localization of substances 
within the cell. 

In 1915 he married, and went to the University of Alberta as Lecturer in 
Biochemistry, becoming full Professor in 1922. The first few years were 
very hard; the war having depleted the staff, teaching loads were enormous; 
and yet it was during this time that he won his medical degree. He well 
deserved a break and a change, and the chance came when he was awarded 
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a Rockefeller Travelling Fellowship in 1921. He had planned to go over- 
seas, when he was invited by Professor J. J. R. MacLeod to join in developing 
the preliminary experiments of Banting and Best to the point where insulin 
could be used in therapy. To one of Collip’s temperament, the challenge was 
irresistible; and it shaped his whole future career. It was he who hit upon 
the key to the purification of insulin: the fact that it is soluble in neutral 
alcohol up to 80 per cent (by which time most of the undesirable proteins 
have been thrown down) but becomes insoluble at 95 per cent, leaving the 
depressor bases in solution; crude as they were, the preparations so obtained 
could be used in therapeutic trials. I believe it was he, too, who showed 
that insulin will lower the blood glucose concentration in the normal animal, 
not merely in the diabetic; thus enormously simplifying the problems of 
assay. 

He returned to Alberta with his scientific career charted in advance; from 
then on, his main interest was to be the separation and purification of hor- 
mones, with the thought of therapeutic value ever before him. He was one 
of the very few who at that time had had successful experience with even 
partial purification of biologically-active proteins; and the scientific and 
pharmaceutical worlds knew it. I remember a famous English teacher of 
organic chemistry, to whom his students would bring some crude material, 
semicrystalline at best, and ask for advice about recrystallization; the pro- 
fessor would ask no questions about the nature or properties of the substance; 
he would look at it, feel it between his fingers, smell it, perhaps even taste it, 
and then, from some arcana of experience, say ‘“Try ethyl acetate!’’ What- 
ever he suggested nearly always worked, to the mystification of his students. 
This is a gift akin to the gift of the great diagnosticians: a barely-conscious, 
certainly inexplicable seizing upon impalpable clues and relating them back 
to vast experience. Collip had something of this gift with proteins and their 
handling: he seemed to know in advance when a slight shift in pH would 
improve filtration properties, when and how to salt-out, when to use alcohol 
(or his favorite acetone) as a precipitant, and so on. Certainly the key to 
his next great success, the demonstration of the hormone of the parathyroid 
glands, was a device both bold and unexpected: extraction of the organs 
with 5 per cent hydrochloric acid at 100°! 

In 1928, Collip became Professor of Biochemistry at McGill, succeeding 
his former and venerated chief, A. B. Macallum, and incidentally shaping 
my career decisively by bringing me, a complete stranger and one whose few 
publications had been in fields remote from his interests, from Cambridge 
to join him asa Lecturer. From the West, he brought with him one graduate 
student (R. L. Kutz) and his incomparable and beloved factotum, Arthur 
Long; at McGill he found a fair amount of space—and very little else: not 
even, I think, a predetermined idea of what he wanted to attack next. 


The seminal event was a visit from Dr. B. P. Wiesner, full of enthusiasm 
about the possibilities of the then new field of ovarian hormones and the still 
newer subject of gonadotrophic substances. I may remark here that it is 
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characteristic of Collip that he can be infected with enthusiasm. Time and 
again I have seen him return from a visit to some laboratory, excited about 
what he had seen and been told; the warmth and directness of his own per- 
sonality respond to the warmth of another’s more readily than to the printed 
page. 

The first essay into this new field was somewhat confusing. There was 
nothing to warn us that oestriol might exist in human placentae and preg- 
nancy urine in the form of an ether-insoluble conjugate (oestriol itself was 
still unknown), nor that such a substance might have relatively high oral 
activity, nor that it might be far more effective in the immature female rat 
than in the adult castrate. It was natural, therefore, to suppose that ‘‘em- 
menin’’ was something quite new, possibly to be classified with the gonado- 
trophins rather than with the oestrogens. In therapeutic explorations, too, 
like other new agents, it began by scoring exciting if often psychogenic suc- 
cesses. 

A more fruitful growth was the study of the ‘‘true”’ ovary-stimulating sub- 
stance of the placenta, which from the first we called ‘‘anterior-pituitary- 
like’’ (now chorionic gonadotrophin), to emphasize Collip’s belief—correct, 
but at the time much doubted—that it was of placental origin and not identical 
with the gonadotrophic fractions obtained from the anterior lobes of slaughter- 
house animals. This led on to the study of pituitary extracts themselves. 
Then began the ‘great years’’ of enormous productivity and excitement. 
Almost two hundred papers issued from the department between 1928 and 
1939, and for the great majority Collip was joint if not sole author. Hans 
Selye brought his histological insight and his superb surgical skill (a hundred 
hypophysectomies in a single day!), the department was full to overflowing, 
and the exhilarating wine of rapid progress animated successive batches of 
graduate students, many of them contributors to this issue, and of research 
associates. It is sad to recall that a number of members of this group are 
no longer alive: Peter Black, Robert Harwood, Stuart McEuen, Hector 
Mortimer, Sam Seidlin. 

The tangled skein of the gonadotrophins was largely unravelled; as early 
as 1933 there was evidence that ACTH (as we now call it) was simpler and 
more stable than other anterior-lobe principles; the relation between the hypo- 
physis and the mammary gland was greatly clarified; and increasingly the 
group encountered cases of acquired resistance to these extracts, leading to 
the concept of ‘‘anti-hormones’’. This is still not fully cleared up, but we 
hardly suspected then, what we know today from chemical, immunological, 
and pharmacological evidence, that protein-hormones may have a considerable 
measure of species-specificity. 

These were indeed the great years; many of us will remember them with 
nostalgia: the team spirit, fostered by Mrs. Collip’s kindliness and hospitality, 
and fermenting with new ideas and the rapidity of progress. We remember 
innumerable excited discussions, in all sorts of places and at all sorts of hours; 
rushing down to the station to put a white-hot manuscript on the New York 
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train, so that it might catch the next number of “Blue Bits” (Proc. Soc. 
Exptl. Biol. and Med.); above all the figure of Collip himself, at one time 
hurrying—as he still does—from place to place, at another spending long 
silent hours in his private laboratory, decanting extracts from one battery- 
jar into another, or still more typically standing by the vacuum still in the 
endless struggle to keep protein purifications within manageable volumes. 
I don’t know whether he had ever read the striking passage in Poincaré on 
the manner in which scientific discoveries are made; I suspect, rather, that 
he had found out for himself that original ideas are most likely to present 
themselves when one is engaged on a relevant but not fully absorbing task. 
Some people thought these long hours by the still (probably the only one 
ever provided with an extension telephone!) an unproductive waste of time, 
a technician’s job; but they were wrong. 

Then came the war, and a rapid re-assessment of the department’s potential- 
ities, culminating in 1941 when Collip moved up the hill, accompanied by 
R. L. Noble and others, to become Director of the Research Institute of 
Endocrinology. Biographically more important was his appointment, after 
Banting’s tragic death, to the Chairmanship of the Associate Committee on 
Medical Research of the National Research Council, and later, for a decade 
starting in 1946, Director of the Division of Medical Research. This, 
especially during the war, was much more demanding than it may sound; 
it really involved total responsibility for co-ordinating the Canadian effort 
in military-medical research, and it took him very often out of his laboratory 
into administrative work and much travel. 

To those of us who were familiar with his long-standing contempt for the 
minutiae of academic administration, this was at first sight astonishing; 
that, after a while, he appeared to enjoy it was positively astounding. I have 
come since to realize that it was completely in character. In the first place, 
he is a most loyal Canadian; and in the second place, there is his devotion to 
Medicine as a whole rather than to Biochemistry in particular. But there 
is more to it than that: the clue is that Collip is a man to whom decisions 
come easily—and one who knows how to cut his losses when an occasional 
decision goes sour. This showed up in the laboratory, and was in part 
responsible for the surprising speed with which investigations progressed 
under his leadership; it showed up in his love of any kind of game that involved 
a bit of a gamble, including playing the stockmarket; and of course, since 
decision is of the essence, it showed up immediately as an invaluable quality 
when he allowed himself to be increasingly immersed in administrative duties. 
It was the same kind of driving force, the will to get things done, merely 
diverted from one channel to another. During the thirties, moreover, as 
leader of a large and active research team, he had learned how to delegate 
specific problems to his associates without losing track of what they were 
doing; and this gift, too, is priceless to an administrator. 


It was therefore probably inevitable that after the war he would not be 
content to return to the ivory tower of a Research Institute, and that when 
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the invitation came in 1947 he should accept the appointment as Dean at 
the University of Western Ontario. Not, of course, that he abandoned 
Biochemistry altogether; he became also Professor of Medical Research, 
with his own specially-built Institute and laboratory colleagues; he retained 
his arduous duties with the National Research Council; and it is especially 
fitting to recall here his years of service as Editor of this Journal and its 
predecessor. He has stamped his mark on every aspect of medical research 
in Canada; and we have every reason to hope that he will continue to do so 
for many years to come. 


D. L. THomson, 
DEPARTMENT OF BIOCHEMISTRY, 
McGiL_t UNIVERSITY. 
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SEX HORMONE CONTROL OF THE ZINC CONTENT 
OF THE PROSTATE! 


M. JEAN Mitxar, P. V. ELcoATE, AND C. A. MAwson 


Abstract 


Gonadotrophins and testosterone propionate, administered by subcutaneous 
injection into immature rats, were found to produce marked increases in the 
size, zinc concentration, and rate of zinc-65 uptake of the dorsolateral prostate 
glands. Oecestrogen treatment produced a reduction in gland size but no change 
in the zinc concentration or in the rate of zinc-65 uptake. 

These results are compared with the findings of other workers and possible 
reasons for some of the observed differences are discussed. It is postulated that 
under normal physiological conditions, the male sex hormone is the major factor 
which controls the accumulation and maintenance of a high concentration of 
zinc in the dorsolateral prostate of the rat. The accumulation or loss of zinc is 
not necessarily closely linked with gland growth. 


Introduction 


The possibility that testosterone is required for the accumulation and 
maintenance of a high concentration of zinc in the dorsolateral prostate of 
the rat is suggested by the observation that the zinc concentration increases 
6- to 10-fold between the 35th and 100th day of life, when the rate of develop- 
ment of this gland is maximal (1). With the aid of the radioisotope zinc-65, 
Gunn and Gould (2) have found that the efficiency of zinc-65 uptake by the 
dorsolateral prostate increases with age and is very high in the.adult rat. 
Castration caused a marked reduction in zinc-65 uptake. This inhibition 
could be prevented by administration of testosterone propionate. In 
immature rats, however, oestrogen (oestradiol benzoate) increased the rate 
of zinc-65 uptake, but testosterone or gonadotrophins were ineffective. Gunn 
and Gould concluded that factors other than testosterone influence the zinc 
accumulation by the dorsolateral prostate of the immature rat. 

Contrary to the findings of Gunn and Gould, we observed during an earlier 
study (unpublished) that gonadotrophins, injected into weanling rats, caused 
a marked increase in the zinc concentration of the dorsolateral prostate. We 
have since carried out experiments to determine the effect of gonadotrophins, 
androgen, and oestrogen on the size, zinc concentration, and rate of zinc-65 
uptake of the dorsolateral prostate glands in weanling and/or in 6-week-old 


1Manuscript received April 25, 1957. a ; 

Contribution from the Biology Branch, Atomic Energy of Canada, Limited, Chalk River, 
Ontario. 

Issued as A.E.C.L. No. 480. 
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rats. The experiments with the 6-week-old rats are comparable to those 
described by Gunn and Gould with immature rats, except that we used a 
higher dose of testosterone. 


Methods 


Commercial gonadotrophin preparations, ‘Synapoidin’” (Parke, Davis) 
and “‘Gonadogen”’ (Upjohn), were injected subcutaneously into two groups 
of weanling rats (3 weeks old) for periods of 12 and 27 days, respectively. 
Daily doses of 4 Synergy Rat Units of Synapoidin and 1 Cartland-Nelson 
Unit of Gonadogen respectively were used. The unit, in each case, is defined 
as the total amount of the preparation which, when injected subcutaneously 
over a period of 3 days, is required to produce a four- to five-fold increase 
in the ovarian weights of immature female rats. Synapoidin contains both 
chorionic and pituitary gonadotrophins. Gonadogen is a gonadotrophin 
prepared from pregnant mares’ serum. 

Two groups of weanling rats were given subcutaneous injections of tes- 
tosterone propionate (0.5 mg. daily) for periods of 7 and 14 days respectively 
and one group of 6-week-old rats was injected for 6 days. A group of 6-week- 
old rats received subcutaneous injections of oestradiol benzoate (10 yg. 
daily) for 7 days. Except in the experiment with Gonadogen, zinc-65 as 
zinc chloride (0.4 wc. per g. body weight) was injected intravenously on the 
last day into the hormone-treated animals and the untreated controls of the 
same age. Twenty-four hours after the zinc-65 injection or the last hormone 
injection, the rats were anaesthetized with ether and killed by exsanguination. 

The dorsolateral prostates were weighed and analyzed for zinc according 
to the dithizone method of Vallee and Gibson (3). The zinc-containing 
dithizone fractions were then re-extracted with sulphuric acid and the 
zinc-65 activity determined with a Veall liquid counter. Histological sections 
of testes and epididymes were prepared in the case of the 6-week-old rats. 


Results and Discussion 

The results of these experiments are presented in Table 1. The two gona- 
dotrophin preparations and the testosterone propionate in the case of the 
3-week-old and the 6-week-old rats produced a marked increase in the size, 
zinc concentration, and zinc-65 uptake of the dorsolateral prostate glands. 
In the animals which received Gonadogen for 27 days, the zinc concentration 
in the glands was comparable to that found in normal adult rats. The 
oestrogen treatment reduced the size of the prostate but did not change the 
zinc concentration or the zinc-65 uptake of the gland. Histological examina- 
tion of the testes and epididymes of the 6-week-old rats showed that sperm 
production had begun in all cases, although the sperm content of the 
epididymes tended to be low. No histological differences were observed 
between the glands of the. treated and control animals. 

Thus we have shown that testosterone, administered directly or produced 
in excess endogenously by hormonal stimulation, increases the rate of 
accumulation of zinc by the dorsolateral prostate in the immature rat. The 





ca 


MILLAR ET AL.: CONTROL OF ZINC IN PROSTATE 867 


observed discrepancy between our results with testosterone and those of 
Gunn and Gould with regard to the 6-week-old rats may be attributable to 
the circumstance that the latter workers used a much lower hormone dose 
(50 or 100 wg. daily). They found that this dose, given to 6-week-old castrated 
rats was just sufficient to prevent the fall in zinc-65 uptake which occurs after 
castration. One may surmise, therefore, that this dose of testosterone in 
the intact rat would depress endogenous output of the androgen so that the 
amount available to the tissues might not differ from the normal. Our 
histological findings with the 6-week-old rats would suggest that 3-week-old 
rats are more suitable for studies of this kind. 

The results from the oestrogen-treated group are more difficult to explain. 
We have not observed the marked increase in the zinc-65 uptake by the dorso- 
lateral prostates of oestrogen-treated rats as reported by Gunn and Gould 
and can offer no explanation for the discrepancy. -The reduction in gland 
size, unaccompanied by a reduction in the zinc concentration or zinc-65 
uptake observed in all cases, would indicate that hormone relationships 
governing zinc mobilization in the dorsolateral prostate are not necessarily 
the same as those for the growth of the gland. However, contrary to Gunn 
and Gould’s observation of retention of zinc by the dorsolateral prostate under 
the influence of oestrogen, we have found a net loss of zinc approximately 
proportional to the decrease in gland size. 

Our evidence appears to warrant the conclusion that under normal 
physiological conditions the male sex hormone is the major factor controlling 
the accumulation and maintenance of a high concentration of zinc in the 
dorsolateral prostate of the rat. It is apparent, at the same time, that 
accumulation of zinc is not necessarily closely linked with growth of the gland. 


TABLE I 


EFFECT OF HORMONES ON THE SIZE AND ZINC UPTAKE OF RAT 
DORSOLATERAL PROSTATE GLAND 








Dorsolateral prostate 


Mean wet pe. Zn/g., Mean % dose 
. Duration, No of weight, mean (wet Zn®/g. (wet 
Animals and treatment days animals mg. + S.E. 


wt. + S.E.) wt.) + S.E 





Three-week-old-rats 


Testosterone propionate 7 5 67.8 + 2.2 50.9 + 3.1 3.8 + 0.40 
Control 7 5 19.0 + 1.6 29.1 + 8.1 1.3 = 0.17 
Testosterone propionate 14 4 120.7 + 2.6 82.6 + 3.9 5.0 + 0.27 
Control 14 4 19.2 + 2.3 38.8 + 7.0* 1.5 + 0.15 
“Synapoidin” 12 4 122.6 + 5.8 85.0 + 5.5 2.9 + 0.36 
Control 12 4 25.1 = 3.0 33.2 £& 4.5 1 + 0.20 
“Gonadogen” 27 2 200.0 + 27.8 226.4 + 20.6 

Control 27 7 41.2 + 5.4 $2.1 = 4.5 

Six-week-old-rats 

Testosterone propionate 6 3 98.2 + 2.7 74.0 + 2.1 3.4 + 0.26 
Controls 6 4 43.1 + 3.3 “4.7 + 3.3 1.8 + 0.06 
Oestradiol benzoate 7 il 25.6 + 1.9 49.7 + 6.1 1.4 + 0.19 
Controls 7 8 46.5 + 8 65.1 + 9.0 1.6 + 0.18 





*Zn determination on three rats only. 
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COMPARISON OF TOTAL CHOLESTEROL LEVELS 
IN BLOOD SERUM WITH LIPID CONCENTRATIONS IN 
HUMAN CORONARY ARTERIES 


(A SECOND INTERIM REPORT)! 


J. C. PATERSON AND J. B. D. DERRICK 


Abstract 


This report, which is concerned with only one facet of the serum lipid/ 
atherosclerosis problem, gives the results of a comparison of the levels of total 
serum cholesterol, determined serially during life in 88 patients, with the con- 
centrations of total lipid extracted from large segments of the coronary arteries 
of the same patients after death and autopsy. o significant relationships have 
been encountered in individuals between 60 and 89 years of age whether the 
comparisons were made on the entire series of cases or on cases in the same age 
group at the time of death. The data in younger individuals were inadequate 
for statistical analysis. Terminal loss of weight from wasting disease processes 
had no significant relationship to the concentration of lipid in the coronary 
arteries of the entire series of cases, or of cases in the same age group. In general, 
the ante-mortem serum cholesterol levels of the 88 patients were found to be 
remarkably constant over periods of as long as four years. 


Introduction 


The deposition of lipid in the intima of musculoelastic arteries is a charac- 
teristic feature of atherosclerosis. However, it is by no means the only 
alteration: fibrous tissue proliferation, calcification, hemorrhage, hemosiderin, 
ceroid, and mural thrombus precipitation may all be observed in varying 
amounts and at different stages of the disease. But, by definition, without 
lipid there can be no atherosclerosis. 

The mechanism by which lipid is deposited in the intima of arteries is highly 
controversial. The “encrustation” theory of Rokitansky is favored by 
students of atherosclerosis in Britain; the ‘‘cholesterol”’ or ‘‘filtration’’ theory 
by those in North America; and here and there a few contentious fellows 
persist in defending the ‘‘vascularization” theory. But by and large, the 
theory in most favor at the moment is the ‘‘cholesterol’”’ theory, the one which 
holds that lipid is deposited in excess in arterial walls as a direct result of an 
abnormally high cholesterol level in the circulating blood serum. Or stated 
even more simply, ‘‘the more fat (cholesterol) in the blood, the more fat in 
the artery”’. 

This hypothetical relationship between the level of serum cholesterol and 
the amount of lipid deposited in arteries is one of several facets of the serum 
lipid/atherosclerosis problem which have been under intensive study in our 
laboratories for the past five years. Two preliminary reports on these 
relationships (or lack of relationships) have already been published (5, 6). 
The present communication, which is also of a preliminary nature, will be 


1Manuscript received May 13, 1957. 

Contribution from the Clinical Investigation Unit of Westminster Hospital, Department of 
Veterans’ Affairs, and the Collip Medical Research Laboratory, University of Western Ontario, 
London, Canada. 


Can, J. Biochem. Physiol. 35 (1957) 
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concerned only with a comparison of the levels of total serum cholesterol, 
estimated serially during life in 88 consecutive cases, with the concentration of 
total lipid extracted from large segments of the coronary arteries of the same 
patients after death and autopsy. In each case the post-mortem determina- 
tions were made without knowledge of the ante-mortem determinations, and 
vice versa. 


Material and Method 


A detailed description of the clinical material, the technique of estimating 
the serum lipids in patients during life, and our criteria for estimating the 
severity of atherosclerosis in post-mortem material, has been given elsewhere 
(5,6). Only those portions will be repeated here which pertain to the clinical 
material and to the determination of serum cholesterol and coronary artery 
lipid. 

The clinical material consists of approximately 800 male patients who are 
permanently confined to Westminster Hospital, London, either because of 
intractable psychosis or for domiciliary care. There are approximately 450 
World War I veterans over 50 years of age who are confined to hospital with 
psychosis, approximately 250 World War II veterans under 50 years of age 
who are also confined with psychosis, and approximately 100 elderly World 
War I veterans who are in reasonably good health and who are confined for 
domiciliary care. Most of the psychotic patients, and particularly those who 
are veterans of World War I, are suffering from stages of psychosis which do 
not affect appreciably their physical health. The majority are “burned-out” 
schizophrenics. 

Our first survey of serum cholesterol levels in the 800 patients was made 
early in 1953. A second survey was carried out 6 months later and thereafter 
surveys were and will be made annually. At each survey approximately 50 
cc. of venous blood is withdrawn from each patient from 1 to 1} hours after 
breakfast. After maximum clot retraction, the blood is centrifuged and the 
serum drawn off. Some of the fresh serum is used for estimations of the 
various classes of lipoproteins; the remainder is fast-frozen at —30° C. and 
stored at —18° C. until the patient dies and the post-mortem examination and 
tissue lipid determination are completed. The serum is then removed from 
frozen storage, quickly thawed, and estimations of the free and combined 
cholesterol (and other lipid fractions) are carried out immediately.* The 
serum cholesterol is determined by the method of Schoenheimer and Sperry, 
as revised by Hawk and associates (4). The maximum number of cholesterol 
estimations done on any one patient to date has been five. 

When a patient dies and an autopsy is performed, the entire epicardial 
coronary artery system is removed from the heart, opened longitudinally with 
scissors, stripped of its outer medial and adventitial coats to remove con- 
taminating fat, and sent to the lipid chemistry laboratory for determination 


*Controlled studies have shown that no significant deterioration of serum cholesterol occurs 
up to 32 months after fast-freezing and frozen storage. 
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of extractable lipid. It is to be particularly noted that the sample is large, 
measuring usually about 25-30 cm. in length, and that all of this is used for 
chemical analysis except for a tiny sliver of the largest plaque, which is reserved 
for morphological study. 

In the laboratory the fresh tissues are weighed at once and subjected to 
alkaline digestion and storage as recommended by Haven and associates (3). 
After complete digestion of the tissue, an estimation of the total lipid content 
is made by the method of the same authors (3). 


The state of general bodily nutrition of each patient is evaluated by compar- 
ing his weight at the time of admission to hospital with his weight just prior 
to autopsy. Each weight is determined with the patient unclothed. 

To date (April 1957), there have been 129 deaths in the series. The ante- 
mortem and post-mortem estimations have been completed on 88 cases, and 
the data on these form the basis of the present report. 


The comparison between the ante-mortem serum cholesterol levels and the 
post-mortem concentrations of lipid in the coronary arteries was made by first 
segregating the post-mortem data for individuals into three natural groupings 
of (a) those with 6.0 mg. or more of lipid per 100 mg. fresh arterial tissue; (5) 
those with 4.0—5.9 mg.%; and (c) those with less than 4.0 mg.%. This division 
into groups was used in our previous report, and it was based on the natural 
range of levels for the number of cases available. An important feature of the 
method, and one which we emphasize, was that the division into groups was 
made without knowledge of the ante-mortem serum cholesterol picture. We 
have retained this method of grouping in the present report since it seemed to 
be the one best suited to the data at hand. The intermediate (5) group was 
eliminated and the mean ante-mortem serum cholesterol levels of the remain- 
ing two groups compared statistically by the Fisher ¢ test (2). Elimination of 
the intermediate groups is justified since the data for post-mortem groups 
were arranged in order of increasing severity. P values of less than 0.05 
were regarded as being significant, those equal to 0.05 were considered to be 
of borderline significance. 


Results 


The pertinent data on each of the 88 cases in the present expanded series 
are given in the Appendix. They are presented in detail for the benefit of 
those who might prefer to apply other methods of statistical analysis. The 
data on individual cases have been arranged according to age decades, and the 
concentrations of arterial lipids in cases in each age decade are listed in order 
of decreasing concentration. 

Our first analysis was made on the raw data of serum cholesterol levels 
compared with concentrations of arterial lipid in the 88 cases en masse, 
without taking into consideration either the ages of the patients or their states 
of bodily nutrition. This method was employed in our preliminary report 2 
years ago, and we repeat it now if only to be consistent. These two general 
comparisons, the one made 2 years ago on the first 50 cases and the one done 
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now on 88 cases, are presented together in Table I. A trend may have 
developed between the level of serum cholesterol and the concentration of 
arterial lipid in the analysis of the expanded series of 88 cases, but still no 
statistical relationship is apparent. 


TABLE I 


A GENERAL COMPARISON OF THE CONCENTRATION OF LIPID IN CORONARY ARTERIES WITH THE 
ANTE-MORTEM CONCENTRATION OF SERUM CHOLESTEROL IN THE ENTIRE SERIES 











Lipid in arteries in mg. Number of cases Mean serum 
per 100 mg. fresh tissue studied cholesterol, mg.% 
First 50 cases reported (a) 6.0 and over 12 236 + 16* 
previously (5) (b) 4.0 to 5.9 21 235 + 13 
(c) less than 4.0 17 238 + 12 
Group (a) compared to P value > 0.10 
Group (c) 
Present enlarged series (a) 6.0 and over 20 245 + 10.7 
of 88 cases (b) 4.0 to 5.9 37 239 + 9.4 
(c) less than 4.0 31 230 + 8.9 


Group (a) compared to P value >0.10 
Group (c) 





*Mean + standard error of the mean. 


Our second analysis was made by comparing the serum cholesterol with the 
arterial lipid in cases which were in the same age decade at the time of death. 
This modification was suggested to us by the late Dr. Lyman Duff (1), who 
thought that an artery which had been exposed to the effects of an abnormal 
serum cholesterol level for 70 years would tend to show more deposition of 
lipid within its walls than one which had been exposed to a similar serum 
abnormality for only 50 years. Our preliminary series (5) would not allow 
an analysis of this type, but with the larger number of cases now available we 
are able to present it in Table II. Again it will be noted that no significant 
relationship is apparent between the serum cholesterol and the arterial lipid 
concentration in cases in those age decades in which there were sufficient cases 
to analyze statistically. However, it will be seen that there is a trend towards 
a relationship in some of the age decades, particularly that of 50-59 years. 
The true picture in the latter will be clarified only when the number of cases in 
this decade is increased. We are not optimistic about obtaining a suitable 
number of cases in the age decades 30—49 years. 

Our third analysis was designed to determine if terminal loss in weight from 
wasting disease might be associated either with a change in the level of serum 
cholesterol or, of even greater importance, with resorption of lipid from the 
arterial walls. We have selected from the cases listed in the Appendix the 
ones which showed an excessive loss in weight (40 lb. or more) and on which 
more than one serum cholesterol determination had been made during life. 
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The data on these cases are given in Table III. Two striking features are 
seen: (1) the percentage deviation of the last serum cholesterol determination 
from the mean value during life was extraordinarily slight in these 12 cases; 
and (2) in spite of excessive weight loss terminally, respectable concentrations 
of lipid still remained within the coronary arteries, just as much on the average 
(4.6 mg.%) as in the entire series of cases (4.7 mg.%). In two instances, in 
fact, it was excessive (9.2 and 7.4 mg.%). 

Our fourth and fifth analyses ignore serum cholesterol levels and are 
concerned solely with the relationship of terminal change in body weight to 
the concentration of arterial lipid. Table IV summarizes the data both for 


TABLE III 


SERUM CHOLESTEROL LEVELS AND ARTERIAL LIPID CONCENTRATIONS IN CASES 
WITH EXCESSIVE TERMINAL LOSS IN WEIGHT 








Serum cholesterol determinations 





% deviation 








of last Concn. of lipid in 

Loss in wt. Mean specimen coronary arteries, 

from usual No. value in from mean -_ mg. per 100 mg. 

Case No. wt., Ib. determinations mg. % value fresh tissue 
82 49 5 242 0.0 9.2 
45 48 3 138 + 0.7 7.4 
31 49 3 191 + 3.7 5.2 
65 54 4 203 —10.8 | 
6s 45 4 196 — 3.1 5.0 
70 59 4 208 + 5.3 4.8 
9 56 3 203 —17.7 4.4 
68 45 4 249 — 0.4 3.6 
83 41 4 279 + 0.7 3.3 
58 45 5 194 + 5.7 2.9 
81 45 4 160 + 1.3 2.3 
89 53 5 161 — 4.3 ‘3 
Mean 202 — 1.6 4.6 
TABLE IV 


A GENERAL COMPARISON OF THE CONCENTRATION OF LIPID IN CORONARY ARTERIES WITH 
THE TERMINAL CHANGE IN BODY WEIGHT IN THE ENTIRE SERIES 








Mean change in 





Lipid in arteries, mg. body wt. from 
per 100 mg. fresh tissue No. cases studied usual wt., Ib. 
First 50 cases reported (a) 6.0 and over 12 —12 + 6* 
previously (5) (b) 4.0 to 5.9 21 —13 +4 
(c) less than 4.0 17 —-13 +5 
Group (a) compared to P value > 0.10 
Group (c) 
Present enlarged series (a) 6.0 and over 20 —11.5 + 4.6 
88 cases (b) 4.0 to 5.9 37 —13.4 + 4.4 
(c) less than 4.0 31 —15.4 + 4.0 
Group (a) compared to P value > 0.10 
Group (c) 





*Mean + standard error of the mean. 
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the entire series as reported previously (5) and for the present expanded series 
of 88 cases. Table V breaks down the present expanded series into a com- 
parison of cases in the same age decade. In neither of these comparisons is 
any significant relationship apparent between loss in body weight and con- 
centration of lipid in the coronary arteries. 

Finally, and as shown in the Appendix, there was a high incidence (50%) of 
complications of coronary atherosclerosis in cases with heavy lipid deposits 
in the coronary arteries. However, it is noted that complications were not 
infrequent (25%) in cases with light lipid deposits. 


Discussion 


Although we have been unable to demonstrate a significant relationship 
between the level of cholesterol in the blood serum and the concentration of 
lipid in the arterial intima, we realize that all will not be prepared to accept 
this negative result at its face value. In particular, those who are firmly 
indoctrinated in the ‘‘cholesterol’’ theory may argue that certain complicating 
factors, inherent in the use of human material for the study of the mechanism 
of atherosclerosis, invalidate our findings. 

First, there seems to be a feeling among many students of atherosclerosis 
that the disease is episodic, that lipid deposition occurs in waves over many 
years and may persist for some time after the causative agent has ceased to act. 
And so it is stipulated that serial determinations of serum cholesterol must be 
made over long periods in the living patient. The present study has only 
partially met this requirement: the serum cholesterol pattern of any patient 
in our series has not been studied longer than four years. We doubt if this 
period is long enough to satisfy those who believe in the episodic nature of 
hypercholesterolemia and we intend therefore to persevere with the serum 
cholesterol determinations in living patients for at least five years longer. 
However, an impressive constancy of serum cholesterol values has been noted 
in most of our patients over the period of observation. The mean percentage 
deviation from the mean of multiple determinations in the entire series has 
been only 10.9; and only 27.3% of the cases showed a deviation of 15% or 
greater of any determination from the mean value (see Appendix). And in 
this regard we note that Sperry (7) in 1937 reported that the amount of 
cholesterol in the serum in healthy young adults (measured over a period of 
28 months) appears to be maintained at a constitutional level which is 
characteristic for each individual and from which large deviations do not 
ordinarily occur. Sperry had a chance in 1949 (8) to repeat the serum 
cholesterol determinations in 22 of the men and women who had been studied 
in 1937. In eight of the men and one of the women no appreciable change had 
occurred, in one woman the result was indecisive, and in six men and six 
women increases from about 15 to 30% were found, i.e. about a 6 to 13% 
change by our terms of reference. However, Sperry’s data do not show any 
changes that were impressive enough to be called ‘episodic’. In general, 
then, except for the well known minor changes in serum cholesterol that occur 
with increasing age, and for those that are found in patients in extremis, there 
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is suggestive evidence that, barring the influence of a marked change in diet, 
an individual’s serum cholesterol pattern remains fairly constant through life. 
We hope to have more information on this point at a later date. 

The second complicating factor in our study is that we may not perhaps 
have made suitable adjustments for a terminal resorption of lipid from the 
plaques of those patients who suffered from long-standing wasting disease. 
But the fact is that little is known about the reversibility of the lipid com- 
ponent in these lesions. We have noted, as have others (9), that the athero- 
sclerotic process tends to be more severe, morphologically, in obese than in 
emaciated individuals; but this does not necessarily mean that the emaciated 
were severely atherosclerotic at one time. The data presented in Tables III, 
IV, and V do not show any significant relationships between the terminal 
change in body weight and the concentration of lipid extracted from the 
coronary arteries. With the evidence at hand, then, we are not convinced 
that once lipid is laid down in atherosclerotic plaques it is or can be resorbed. 
The lipid constituents of plaques are quite unlike those in the usual fat storage 
depots, and may thus be less subject to change than are these depots; and 
furthermore the arterial deposits are clothed by dense fibrous capsules which 
would probably lessen their availability for mobilization. 

It seems a fair assumption, therefore, that the concentration of lipid in 
arteries determined after death gives a fair estimate of the amount present 
before the onset of terminal illness. If this be true, we conclude that, in 
individuals aged 60-89 years, the amount of fat (cholesterol) in the blood 
serum is not concerned primarily with the amount of fat deposited in the 
intima of coronary arteries. Whether or not this same conclusion will be 
reached in younger patients must await enlargement of our series. However, 
it seems improbable that the mechanism of lipid deposition in atherosclerosis 
would be different in young people from that in elderly people. 
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APPENDIX 





LIPID CONCENTRATIONS OF CORONARY ARTERIES AND CHOLESTEROL CONCENTRATIONS 
OF SERUM IN CASES OF DIFFERENT AGES 








Total serum cholesterol 























% 
Mean deviation Terminal 
serum of last change 
ee cholesterol specimen in body wt. 
Complications of concn., specimens from mean from mean _ from usual 
coronary sclerosis mg.% value wt., Ib. 
Fatalities aged 30-49 years 
Infarct 6.4 295 3 4.7 + 2.4 —25 
So 203 7 10.8 —10.8 —54 
5.0 196 q 24.5 — 3.1 —45 
3.4 305 4 20.3 —18.0 —30 
5.0 250 Ss. — 7.4 —39 
Fatalities aged 50-59 years 
Infarct 7.8 337 3 3.0 — 2.4 -9 
5.8 327 5 10.1 + 6.4 +44 
4.8 249 2 1.6 + 1.6 +10 
Infarct 4.7 197 1 —_ _— —28 
4.6 259 1 _ _ —- 8 
4.5 263 3 14.1 +10.3 —33 
4.4 294 5 14.3 —11.9 +27 
Infarct 4.0 214 3 8.9 — 4.7 ~ 
Acute cor. insuf. 2.4 297 3 6.4 + 4.4 + 3 
2.1 246 3 20.7 + 2.8 +1 
2.2 161 5 14.3 — 4.3 —53 
4.2 259 10.4 + 2.4 —45 
Fatalities aged 60-69 years 
Acute cor. insuf. 8.4 232 1 _ _ —14 
Infarct 6.7 211 5 20.9 —20.9 +24 
6.2 283 3 5.3 + 5.3 —13 
6.1 259 3 18.1 —11.9 —21 
Infarct 6.1 309 4 6.5 — 5.2 +12 
5.9 220 3 8.6 — 8.6 —21 
5.8 337 + 11.0 +11.0 +40 
$.2 191 3 6.3 + 3.7 —49 
5.2 278 3 1.8 0.0 —20 
§.2 208 4 13.5 —13.5 — 7 
S.2 196 2 15.3 —15.3 —30 
4.5 387 3 11.9 +11.9 +33 
3.6 249 4 7.6 — 0.4 —45 
3.5 279 4 9.7 + 0.7 —41 
a3 251 1 _ —_— —41 
Thrombus 3.1 234 4 17.9 +13.7 +15 
3.0 263 2 6.8 + 6.5 —24 
3.0 238 2 0.8 — 0.8 + 6 
2.9 194 4 $.7 + 5.7 —45 
2.8 206 1 _ _ +12 
2.8 194 4 16.0 — 8.8 —16 
2.6 269 5 9.3 — 1.9 +10 
Infarct 1.5 226 3 18.1 —11.9 - 
Infarct 8 249 3 Ae + 2.8 + 2 
3 248 10.4 — 1.8 —10 
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APPENDIX—Concluded 


LIPID CONCENTRATIONS OF CORONARY ARTERIES AND CHOLESTEROL CONCENTRATIONS 
OF SERUM IN CASES OF DIFFERENT AGES—Concluded 








Total serum cholesterol 





Zo. Jo. 
Mean deviation deviation Terminal 
Arterial serum No. of all of last change 
lipid cholesterol serum specimens specimen _ in body wt. 
Case Complications of concn., concn., specimens from mean from mean _ from usual 
No. coronary sclerosis mg.% mg.% analyzed value value wt., Ib 





Fatalities aged 70-79 years 

















9.2 242 5 6.2 0.0 —49 
19 Infarct 8.0 221 3 3.6 — 0.5 —2 
74 Infarct 7.8 282 5 11.3 —11.3 —10 
45 7.4 138 3 2.2 + 0.7 —48 
69 6.5 267 4 3.7 + 3.7 + 2 
80 6.5 267 3 3.€ — 3.0 —1i1 
48 6.4 192 3 6.8 — 4.2 +17 
67 6.3 200 a 12.0 0.0 —35 
18 6.0 243 2 3.3 + 3.3 +21 
59 Infarct 5.8 231 4 10.8 0.0 —-7 
54 Infarct 5.6 225 a 43.6 —32.9 —33 
62 5.5 365 4 19.2 —19.2 +38 
8 5.3 265 1 _ _ —28 
71 4.9 217 5 24.0 — 1.8 —32 
70 4.8 208 4 5.8 + 5.3 —-59 
2 Acute cor. insuf. 4.7 190 1 —_ _ —2 
72 4.7 269 2 3.3 + 3.0 + 2 
50 4.6 198 5 13.6 + 6.1 —21 
9 4.4 203 3 17.7 —17.7 —56 
56 Infarct 4.4 240 5 15.0 —10.4 —30 
3 3.8 247 1 _ _ —40 
44 3.7 181 3 5.0 4.4 —21 
64 3.5 290 5 16.2 — 2.8 +36 
6 Infarct 3.3 285 1 _ _ —21 
16 3.3 183 3 4.7 + 2.4 —25 
52 3.3 276 3 16.3 + 6.5 —16 
81 2.3 160 4 5.0 + 1.3 —45 
79 | 268 4 8.6 — 2.6 —37 
22 1.4 309 2 3.2 + 3.2 0 
Mean 5.0 237 10.6 — 2.7 —18 
Fatalities aged 80-89 years 
4 Thrombus 14.0 226 1 _ —_ —25 
38 7.4 176 3 10.8 — 8.0 —30 
30 Infarct 6.0 258 3 2.7 — 2.7 —15 
88 $.9 184 1 _— _— —40 
41 Infarct 5.5 223 2 0.0 0.0 —10 
90 5.5 208 5 9.6 — 2.4 —22 
7 Infarct 5.3 138 1 _— —_ —2 
47 Infarct 5.3 354 3 8.2 — 7.1 +1 
51 5.1 206 4 13.6 +13.6 —28 
40 Thrombus 4.8 298 3 8.4 + 8.4 + 2 
12 4.6 215 2 3.3 + 2.8 —28 
43 Infarct, aneurysm 4.2 198 3 10.6 —10.6 +1 
27 4.0 182 3 16.5 —16.5 + 1 
77 Infarct 3.6 136 3 12.5 —12.5 - 5 
35 3.5 192 2 $.7 — 5.7 - 5 
55 3.3 170 4 18.2 + 1.8 O(est.) 
85 Acute cor. insuf. 3.0 206 4 19.0 —18.9 —25 
76 Thrombus, infarct 2.2 234 5 6.0 — 6.0 + 5 
25 0.7 136 2 11.0 —11.0 —29 
Mean 4.9 207 9.8 — 4.7 —13 
Fatalities aged 90 years and over 
10 Infarct 7.1 270 1 _- —_ + 2 





Grand mean 4.7 237 —14 
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THE RELATION OF DIET, HORMONES, AND TUMORS TO THE 
ACTIVITY OF LIVER XANTHINE OXIDASE IN THE RAT! 


A. F. BurTOoN? AND R. W. BrEcc?* 


Abstract 


The activity of liver xanthine oxidase and of adenosine deaminase in rats was 
reduced to a low value when the animals were fed a low protein diet. This did 
not occur in tumor-bearing animals on the same diet. The maintenance of 
enzyme activity in the tumor-bearing animals could not be attributed to induced 
—- formation or to alteration in hormonal control, but may be associated 
with an increase in purine catabolism. 


Introduction 


It has been suggested that altered enzyme activity in the liver of the rat 
bearing a tumor might be explained on the basis of poor nutrition (17). The 
liver enzyme most susceptible to disturbance by malnutrition is xanthine 
oxidase (18, 21), yet an older report indicated that this enzyme was found to 
be of normal activity in the liver of the tumor-bearing rat (11). Normal 
rats, which in our laboratory had been subjected to dietary restriction in 
order that they would suffer the same loss of weight as tumor-bearing rats, 
did indeed have a low liver xanthine oxidase activity. Furthermore, the 
presence of a tumor in rats on a low protein diet restored to normal the level 
of xanthine oxidase activity (2). The present investigation was undertaken 
to ascertain the possible role of hormones or purine metabolism in the regula- 
tion of xanthine oxidase and adenosine deaminase activity of the liver. 


Methods 


Male Sprague-Dawley rats weighing 150 g. at the beginning of the experi- 
ments were selected, though similar results have been obtained with female 
rats, or with animals of the Wistar and of a hooded strain. The rats were 
kept in a constant temperature room with free access to water. They were 
maintained on a stock diet of fox chow‘ but during experimental periods were 
fed the synthetic diets described in Table 1. When nucleic acid® was added 
to the diet an equal weight of sucrose was omitted. 

The Walker 256 carcinoma graft was introduced in the form of a cell sus- 
pension into the thigh muscles bilaterally, into the ventral subcutaneous tissue, 
or into the peritoneal cavity. The Novikoff hepatoma‘® was implanted by the 
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TABLE I 


COMPOSITION OF SYNTHETIC DIETS 











High protein ration, Low protein ration, 

Components 25% protein 6% protein 
Casein 250 g. 60 g. 
Sucrose 510 g. 700 g. 
Corn starch 100 g. 100 g. 
Corn oil 100 g. 100 g. 
Salt mixture 40 g. 40 g. 
Water-soluble vitamin mix. 16 ml./kg. 16 ml./kg. 
Fat-soluble vitamin mix. 22 mi./kg. 22 ml./kg. 





SALT MIXTURE: calcium carbonate 600 g.; dibasic potassium phosphate 645 g.; monobasic 
calcium phosphate 139 g.; magnesium sulphate 100 g.; sodium chloride 335 g.; ferric citrate 
55 g.; potassium iodide 1.6 g.; manganese sulphate 1.0 g.; zinc chloride 0.5 g.; copper sulphate 
0.6 g.; cobaltous chloride 0.6 g. 

WATER-SOLUBLE VITAMIN MIXTURE (per liter of 50% ethanol): biotin 20 mg.; folic acid 
50 mg.; pyridoxine 500 mg.; thiamine 500 mg.; riboflavin 1.0 g.; niacin 5.0 g.; calcium panto- 
thenate 5.9 g.; inositol 10.0 g.; choline 100.0 g. 

FAT-SOLUBLE VITAMIN MIXTURE: cod liver oil 240 g.; wheat germ oil 240 g.; menadione 2.4 g. 
dissolved in 480 ml. corn oil. 


intraperitoneal route only, and the transplantable fibrosarcomas 53FM19 and 
1F23’ subcutaneously. The tumor weight was determined and expressed as 
a percentage of the total body weight. 

Hypophysectomized rats were obtained from the Hormone Assay Labora- 
tories. Failure of the animals to gain body weight, and atrophy of the adrenals 
and gonads were taken as criteria of the completeness of hypophysectomy. 
Rats were adrenalectomized by way of the lumbar route, and given physi- 
ological saline and 5% glucose in the drinking water for 24 hours after the 
operation. Thereafter they were given only saline to drink. Adrenalecto- 
mized tumor-bearing rats had a low survival rate unless given supportive 
therapy, in this instance 0.1 mg. of cortisone acetate and 0.5 mg. desoxy- 
corticosterone acetate daily by the subcutaneous route. In some of the 
experiments the animals were given daily subcutaneous injections of 15 
units of ACTH (Connaught),* or 2.5 mg. of cortisone acetate® for 7 days. 
In one experiment the animals received a daily intraperitoneal injection of 
ethionine (40 mg. per kg.) for 4 days. 

The animals were kept in stainless steel metabolic cages and urine was 
collected with toluene as a preservative. Allantoin in the urine was de- 
termined by the method of Young and Conway (22) and its identity con- 
firmed by paper chromatography with a butanol — acetic acid solvent system, 
and p-dimethylaminobenzaldehyde for the color development (5). 

During a preliminary investigation several methods for xanthine oxidase 
assay were tried (1, 9, 15). The method of choice finally was that described 
by Dietrich and Borries, based on the production of allantoin from added 
xanthine (7). We have confirmed the observation of Axelrod and Elvehjem 


7Obtained from Dr. R. L. Noble, of this laboratory. 


8Supplied by the Advisory Committee on Medical Research, National Research Council 
of Canada. 





BURTON AND BEGG: LIVER XANTHINE OXIDASE 883 


that the uricase activity of the liver is not a limiting factor, even on a low 
protein diet (1). Xanthine oxidase activity is expressed as micromoles of 
allantoin produced per gram wet weight of liver per 90 minutes. Expression 
of enzyme activity as per unit of dry weight or of liver nitrogen did not alter 
the interpretation. 

The adenosine deaminase activity was determined by the method of Gordon 
and Roder (10), and is expressed as micromoles of adenosine deaminated, per 
gram wet weight of liver per 90 minutes. 


Results 


The data in Table II are in agreement with Greenstein’s observation that 
the tumor-bearing rat has normal liver xanthine oxidase activity (11), and 
with Miller’s finding that a low protein diet leads to a marked loss of xan- 
thine oxidase activity (18). The surprising result in our study was that the 
tumor-bearing rats on a low protein diet had normal xanthine oxidase activity. 
The excretion of allantoin by tumor-bearing rats was high irrespective of the 
protein content of the diet. 

Crude nucleic acid was added to make up 10% of the ration by weight, and, 
as noted in Table III, no increase in enzyme activity occurred with the 


TABLE II 
LIVER XANTHINE OXIDASE AND URINARY ALLANTOIN 











Urinary Liver 
allantoin, xanthine oxidase, 
Group Diet mg./24 hours micromoles allantoin 
Control (12) High protein 27+ 9 12.3+2.2 
Tumor-bearer (12) High protein 158+15 14.7+0.7 
Control (12) Low protein 22+ 3 1.8+0.5 
Tumor-bearer (12) Low protein 138+10 13.8+1.2 





+ Standard error of the mean (S.E.M.). 
Note: Figures in parentheses refer to number of rats. 
TABLE III 


EFFECT OF DIETARY NUCLEIC ACID, ETHIONINE, AND TUMORS ON 
LIVER XANTHINE OXIDASE AND URINARY ALLANTOIN 











Urinary Liver 
allantoin, xanthine oxidase, 
Group Diet mg./24 hours micromoles allantoin 
Control (6) High protein 193+12 11.243.3 
+ neucleic acid 
Control (6) Low protein 93+ 4 1.7+0.1 
+ nucleic acid 
Control (6) High protein -- §.2+0.3 
(ethionine) 
Tumor-bearer (6) Low protein -— §.3+0.1 
(ethionine) 
Walker carcinoma (5)* Low protein 24+ 1 §.941.2 
Novikoff hepatoma (5)* Low protein 39+ 1 13.3+0.6 





* Intraperitoneal graft. 
+ Standard error of the mean (S.E.M.). 
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increase in allantoin excretion (compare with the values in Table II). An 
increase in enzyme activity on the low protein diet, with no marked change 
in allantoin excretion, could be demonstrated after implantation of a tumor 
into the peritoneal cavity. Ethionine administered intraperitoneally reduced 
the level of enzyme activity in the control rats on a normal protein intake, 
and limited the increase of enzyme activity in the liver of tumor-bearing rats 
fed a low protein diet. 

The experiments, summarized in Table IV, were carried out to demonstrate 
that the increase in enzyme activity on a low protein diet occurred with a 
variety of tumors and sites of implantation. The effect was produced most 
readily with the intraperitoneal tumor, and next with the intramuscular 
tumor. No appreciable effect on enzyme activity was noted until the sub- 
cutaneous tumor attained a large size. 

Table V indicates that the administration of cortisone or ACTH did increase 
liver xanthine oxidase in rats on a low protein diet, despite the weight loss 
induced by the hormones. Removal of the pituitary produced the same 
change, and this was not altered by the administration of ACTH. The 


TABLE IV 
EFFECT OF TUMOR SITE AND WEIGHT ON LIVER XANTHINE OXIDASE ACTIVITY 


(All rats on 6% protein diet) 














Tumor weight, Xanthine oxidase, 
Group Site % body wt. micromoles allantoin 
Control a -- 2.0 
Sarcoma, 53FN19 Subcutaneous 53 5.5 
Sarcoma, 1F23 Subcutaneous 47 10.0 
Walker carcinoma Subcutaneous 22 as 
Walker carcinoma Intramuscular 6 6.3 
Walker carcinoma Intramuscular 17 14.7 
Walker carcinoma Intraperitoneal (9 days) 5.9 
Novikoff hepatoma Intraperitoneal (6 days) 13.3 
TABLE V 


EFFECT OF ALTERED ENDOCRINE STATE ON LIVER XANTHINE OXIDASE ACTIVITY 











Liver 
xanthine oxidase, 
Group Diet micromoles allantoin 
Cortisone (18) High protein 10.1+0.2 
Cortisone (12) Low protein 7.4+0.6 
ACTH (9) Low protein 6.1+2.0 
Adrenalectomy (9) Low protein 6.2+2.0 
Adrenalectomy (9) (tumor-bearer) Low protein 12.3+1.3 
Hypophysectomy (9) High protein 9.6+2.0 
Hypophysectomy (9) Low protein 5.6+0.5 
Hypophysectomy + ACTH (9) High protein 10.5+0.6 
Hypophysectomy + ACTH (9) Low protein 6.5+0.2 





+ Standard error of the mean (S.E.M.). 
Note: For dose schedules see Methods. 
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demonstration that the adrenalectomized tumor-bearing rats on a low protein 
diet had an enzyme level the same as intact animals, under comparable 
conditions, suggests that the tumor had an effect over and above the hormonal 
effects. 

The activity of liver adenosine deaminase followed the same pattern as 
xanthine oxidase (Table VI) in various conditions. 


TABLE VI 
LIVER ADENOSINE DEAMINASE ACTIVITY 








Micromoles adenosine 





Group Diet deaminated 
Control (11) High protein 36.1+6.9 
Tumor-bearer (18) High protein 30.8+1.1 
Control (18) | Low protein 1.8 
Tumor-bearer (17) Low protein 32.8 + 2.1 





+ Standard error of the mean (S.E.M.). 


Discussion 


Tumor-bearing rats, even on an unrestricted food intake, are in a state 
of malnutrition (16). Thus there is a discrepancy between the observations 
of other workers that xanthine oxidase activity is decreased in malnutrition 
(18, 21) and our finding that activity of this enzyme is normal in livers of 
tumor-bearing rats (11). Normal rats when reduced to the same state of 
malnutrition as that suffered by tumor-bearing rats suffered a diminution in 
liver xanthine oxidase activity (2). It would appear therefore that the 
presence of a tumor produced an overcompensation for the deleterious 
influence of the nutritional deficiency, at least with regard to xanthine oxidase 
activity of the liver. The effect of the tumor in the restoration of xanthine 
oxidase to normal activity was more evident in rats fed a low protein diet. 

The urinary excretion of allantoin was studied, in view of the observed 
tissue breakdown in both the tumor and the host, and the possibility of an 
increase in purine catabolism. A marked increase in the urinary excretion 
of allantoin by tumor-bearing rats was observed. The possibility was 
considered that the enzyme activity was maintained by stimulation of enzyme 
formation in response to the requirement for the increased purine catabolism. 
Some indication of induced enzyme formation had been observed (3), but 
subsequent investigation revealed an inaccuracy in the enzyme assay. These 
experiments are open to the criticism that the purines may have been oxidized 
by the xanthine oxidase in the mucosa of the intestine, but similar results 
were obtained after intraperitoneal injection of a soluble nucleic acid prep- 
aration. 

Normal rats fed a diet low in protein and high in nucleic acid excreted 
about half the quantity of allantoin excreted by animals maintained on a 
diet high in protein and nucleic acid (Table III). However, the allantoin 
excretion on a diet low in protein and high in nucleic acid approximated that 
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from tumor-bearing rats on a low protein diet. Since there is no dietary cause 
for increased enzyme formation in the tumor-bearing animal the increased 
activity must be attributed to some other cause. In the case of the animals 
with intraperitoneal tumors there was a demonstrable increase in the xanthine 
oxidase activity without a corresponding increase in allantoin excretion. 

The observation that ethionine partially blocked the restoration of normal 
enzyme activity in tumor-bearing rats suggests that this drug may have inter- 
fered with synthesis of the enzyme. The finding that the adenosine deaminase 
activity of the liver was greatly depleted by dietary deficiency of protein, 
but was normal in tumor-bearing rats irrespective of diet, suggests that the 
presence of a tumor modified the pattern of enzymes concerned in purine 
metabolism. This is consistent with the findings of other workers of an in- 
creased incorporation of precursors into nucleic acids of the liver in the tumor- 
bearing rodents (12). We observed in a previous study on the activity of 
catalase that all liver enzymes in rats fed a low protein diet do not respond 
in the same manner to the presence of a tumor (4). 

A striking finding here was the uniformity of response of xanthine oxidase 
activity to various hormonal alterations. Sham surgical operations were 
without effect on this enzyme. Our finding of a similar response to hypo- 
physectomy or to the administration of ACTH to intact rats is difficult to 
explain (19, 20). It does appear that the adrenalectomized tumor-bearing 
rats had higher xanthine oxidase activity than adrenalectomized normal 
rats on a low protein diet. Thus the tumor appears to stimulate enzyme 
activity over and above that which results from adrenal activation. 

The object of this study was to ascertain the xanthine oxidase activity in 
tumor-bearing rats with and without imposed malnutrition, and to elucidate 
the factors which tend to alter the activity. The first objective was attained, 
most strikingly in our demonstration that the xanthine oxidase activity remains 
normal in the liver of the tumor-bearing rat on a low protein diet. The 
mechanism of the compensatory process is not understood, and apparently 
cannot be attributed to induced enzyme formation comparable with that 
postulated by Knox with reference to tryptophan peroxidase (13). Dietrich 
observed an increase in the liver xanthine oxidase activity of mice after the 
injection of xanthine (6), but we have not been able to demonstrate this in 
the rat. Dinning (8) observed an increase in allantoin excretion and an increase 
in the liver xanthine oxidase in vitamin deficient rats. 

Induced enzyme formation may be part of a more general adaptation of 
enzyme systems to various physiological and pathological states (14). Further 
study is required to elucidate the factors responsible for the maintenance of 
liver xanthine oxidase and adenosine deaminase in the tumor-bearing rat fed 
a low protein diet. 
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THE BIOLOGICAL ASSAY OF CHORIONIC GONADOTROPHIN 
AND OF THE GONADOTROPHIN OF PREGNANT MARE’S 
SERUM USING DIETARY ANOESTROUS ADULT RATS! 


L. I. PUGSLEY 


Abstract 


A satisfactory and convenient method for the biological assay of pharmaceutical 
preparations of chorionic and pregnant mare’s serum tiem ed using adult 
dietary anoestrous rats has been described, and data are presented showing the 
variations in slope and RDg during a number of years of experience in the use of 
the method employing the International Standards of these hormones. The 
findings of Heard and Winton have been fully confirmed as to the reliability and 
precision of the method. ‘The suggestion made by Collip, in his early studies, 
that a satisfactory solution to the biological assay of anterior-pituitary-like 
hormones may be arrived at by the use of special diets to render the test animal 
acyclic has been accomplished. 


Aschheim and Zondek (1) in 1927 showed that the blood and urine of 
pregnant women contained an active principle which, upon injection into 
intact immature female mice, produced follicular maturation, luteinization, 
and hemorrhage into the ovarian stroma. Following this report there was 
considerable speculation regarding the source of this gonadotrophic stimulating 
factor and its site of origin. 

In 1930 Collip (5, 6) and Collip et al. (7) reported the presence of an active 
gonadotrophic principle in human placenta which, upon injection into im- 
mature female rats, resulted in the production of oestrus as judged by the 
vaginal smear and corpora lutea in the ovaries. He felt that the experimental 
findings would fit much better into a theory where the placenta was considered 
as a ductless gland of pregnancy producing, by an active process, a pregnancy 
hormone with both physiological and chemical properties peculiar to itself, 
rather than considering the hormone as originating from the anterior pit- 
uitary gland. Thus the name anterior-pituitary-like hormone was developed 
to describe the active gonadotrophic principle found in the placenta and the 
urine of pregnant women. 

The pitfalls of the biological assay of this hormone were emphasized by 
Collip (6) and he reported “‘it is hoped that some satisfactory solution of the 
problem may be arrived at by use of special diets or by removal of the pituitary 
or thyroid gland from adult animals with a view to rendering them acyclic’”’. 
Previous work by Evans and Bishop (10) had shown early cessation of cyclic 
changes in oestrus of rats maintained on a vitamin B deficient diet. Marrian 
and Parkes (14) showed that the administration of extracts of the anterior 
pituitary during the period of dietary anoestrus caused an immediate onset 
of oestrous signs and symptoms. In 1930, Cole and Hart (4) showed that the 
administration of the blood serum of pregnant mares at certain stages of 


1Manuscript received June 6, 1957. 
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pregnancy was effective in stimulating the genital system of immature rats 
and proposed a method of assay for this factor based on ovarian weight. 

Collip (8) reported the proceedings of the Third International Conference 
on the Standardization of Hormones held in Geneva in August, 1938, under 
the auspices of the Permanent Commission on Biological Standardization 
of the Health Organization of the League of Nations, at which the International 
Standard and International Unit were established for the gonadotrophic 
substances of human pregnancy urine (now known as chorionic gonadotrophin) 
and the gonadotrophic substance of pregnant mare’s serum. The establish- 
ment of these reference standards made it possible for assay results to be 
expressed in terms of the International Units and thus was eliminated a 
wide variety of ‘“‘animal units’’ which had previously been employed. 

Heard and Winton (11), in an effort to avoid certain objectionable features 
of using immature rats for assaying gonadotrophic hormones, described a 
method of assay in which adult animals, rendered anoestrus by dietary means, 
were used. They showed that the normal vaginal oestrous cycle abruptly 
ceased within 1 to 3 weeks after the introduction of the deficient diet. After 
a period of 10 days of discontinuous dioestrus, injection of the gonadotrophic 
hormone was made and the estimation of the potency of an unknown in terms 
of a reference standard was made by procedures applicable to biological assays 
of a quantal response type. The animals then were returned to a complete 
diet for 10 to 12 days and utilized in the above manner for several successive 
assays. 

A number of factors influencing the precision of this method of assay was 
investigated by Heard and Winton (11) and its reliability as a quantitative 
method of estimating the potency of chorionic and pregnant mare’s serum 
gonadotrophins was demonstrated. 

Loraine (13) in an excellent review of the methods of assay for gonadotro- 
phins showed that the precision of the dietary anoestrous method described 
by Heard and Winton (11) compares very favorably with the method of Loraine 
(12) using the total prostatic weight of immature male rats. The value for 
lambda (the ratio of the standard deviation (s) to the slope (6) of the dosage 
response line) obtained by the former method is reported to be 0.115 while 
by the latter it was found to be 0.100; the method reported by Diczfalusy 
(9) using the combined weight of the seminal vesicles and prostate gave a 
lambda value of 0.105. Methods using ovarian weight, uterine weight, and 


vaginal smears of immature rats yielded lambda values considerably in excess 
of the above values. 


Since no reports have been published on experience in the use of the dietary 
anoestrous method of assay subsequent to the report of Heard and Winton 
(11), it appeared of interest to record the results obtained over a number 
of years during which the method was utilized in assaying pharmaceutical 
preparations of chorionic gonadotrophin and gonadotrophin of pregnant mare’s 
serum using the International Standards as references in the assays. The 
latter were not available to Heard and Winton (11). 
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Materials and Methods 

Stock solutions of the Reference Standard were prepared by weighing one 
tablet of the International Standard for chorionic gonadotrophin (approx- 
imately 10 mg.) or gonadotrophin of pregnant mare’s serum (approximately 
25 mg.), dissolving it in 0.9% sterile saline and making it up to volume so 
that 1 ml. contained 10 International Units. Dilutions for the dosage levels 
were made from the stock solution by further dilution with saline. Since the 
gonadotrophins are unstable in dilute solutions of saline, the stock solution 
and dilutions from it were prepared just prior to use and injections made 
within 1 hour of preparation. After vials of the International Standard for 
gonadotrophins were opened, they were immediately resealed and kept in 
a desiccator containing P.O; in a refrigerator (34° to 36° F.) 

Although the dosage levels yielding 0 to 100% response vary from assay 
to assay and undoubtedly from one rat colony to another, the following levels 
were found, after some experience, to be suitable for this colony and are given 
to serve as a guide. The total dose in International Units (I.U.) given in 
one injection of 0.50 ml. for chorionic gonadotrophin was 0.23, 0.33, 0.45 I.U., 
respectively, and for gonadotrophin of pregnant mare’s serum 0.37, 0.50, 
0.70 I.U., respectively, for three dosage levels. 

The procedure and diet described by Heard and Winton (11) were employed 
with certain modifications. One hundred to 120 female rats of the Wistar 
strain, 3 to 4 months of age, were procured from the stock colony and fed in 
screened-bottom cages on the following diet: rice starch 73%, casein (vitamin 
free) 20%, cod liver oil 2%, and salt mixture 5% (NaCl 23.4 parts, 
MgS0O,.10H,O 24.6 parts, NasPO, 35.8 parts, KsPO, 69.6 parts, CaHPO, 
68.8 parts, Cal 0.2 parts). After the rats had been on this diet for 2 weeks, 
vaginal smears were taken daily for 10 days. All animals showing anoestrus 
(smears presenting a dominance of leucocytes) for the last 5 days of smearing 
were considered satisfactory for assay. 

At the end of this time the rats were weighed and assembled on the basis 
of equal body weight in each group. Beginning on the third day after in- 
jection, vaginal smears were taken once daily (at approximately the same 
time each day) for 4 days. Most of the positive smears occurred on the 
fourth and fifth day after injection. The smears were taken with pledgets 
of cotton on a toothpick; these were moistened with water, introduced into 
the vagina, rotated once, and laid on a slide bearing the number of the rat. 
A drop of water was added to the slide, the cotton rubbed through this, and 
the smear read without staining under the low power (10X eye piece and 
6.3 X objective) of a microscope. The smears were recorded as follows de- 
pending on the dominant type of cells present: — leucocytes; + leucocytes 
and epithelial cells; + leucocytes and squamous cells; ++ epithelial cells; 
++ epithelial cells and squamous cells; + squamous cells. All smears 
showing ++ or + were regarded as positive of the effect of the gonadotrophins 
in producing oestrus in the rats. The percentage of positive smears for each 
dosage level was calculated and the regression line and other statistical data 
were determined according to the methods outlined by Bliss (2, 3). 
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At the completion of the test the rats were returned to the stock diet for 
10 days to 2 weeks; the above procedure was then repeated on the same group 
of rats. In the majority of cases the same group of rats were used for five 
to six assays. In each assay there were a few deaths at the termination of 
the test and this reduced the number for use in subsequent assays. 


The Variations in the Slope of the Regression Line and RD; 
within the Same Group of Rats 


Using the procedure described above, the uniformity of the slope of the 
regression line (b) and the 50% response (RD5o) were determined within the 
same group of rats for five successive tests using the International Standard 
for chorionic gonadotrophin. The results are shown in Table I. 


TABLE I 
VARIATIONS IN SLOPE AND RD» OF SAME GROUP OF RATS USING CHORIONIC GONADOTROPHIN 




















Dates between Days Rats Slope RDs«, 
Assay assays No. No. b Vb J 
1 Jan. 23 to Feb. 23 31 60 6.513 2.597 0.382 
2 Feb.24 to Apr. 10 46 58 8.169 2.627 0.366 
3 Apr. 11 to May 25 45 57 6.670 4.182 0.357 
4 May 26 to July 15 50 47 8.981 3.423 0.413 
5 July 16 to Sept. 1 47 45 10.070 5.320 0.369 
Total 219 267 
Mean 
(weighted ) 7.898 0.673 0.379 








It is seen (column 5) that the slope of the regression line varied from 6.513 
to 10.070 with a weighted mean value of 7.898. Similarly the response 
expressed as the RD, in I.U. (column 7) varied from 0.357 to 0.413 with a 
weighted mean value of 0.379. The time between successive tests (column 3) 
varied from 45 to 50 days. The number of rats available for assay for suc- 
cessive tests (column 4) decreased because, during the last 2 or 3 days on 
test, a few animals died as a result of the deficient diet. In this series 15 
rats died during the five assays. 


Loss of Weight on Deficient Diet 


Heard and Winton (11) ascribed the dietary anoestrus to avitaminosis; 
however, the specific deficiency has not been clarified. The diet is well 
supplied with vitamins A and D through the addition of 2% cod liver oil 
assaying 2000 I.U. vitamin A and 85 I.U. vitamin D per g. It contains no 
source of the B group of vitamins. Efforts were made without success to 
revive some of the markedly deficient rats at the end of the tests by the 
injection of thiamine hydrochloride (0.5 mg.) and by the inclusion of 8% 
brewers yeast in the diet. Fig. 1 illustrates the marked reduction in weight 
which occurs while these rats are on the deficient diet and the resumption 
of increase in weight when the rats are returned to the stock or complete diet 
(Master Fox Cubes distributed by Toronto Elevators, Toronto, Ontario). 
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Fic. 1. Comparison of weight reduction of rats on deficient diet and on complete diet. 


It has been observed that, after the rats have been on the deficient diet 
for 2 or 3 days, the intake of food decreases markedly and it appears that the 
anoestrous condition is brought about primarily by starvation. A similar 
effect has been observed using a diet consisting of 50% ground uncooked 
vegetarian beans and the stock diet. Oestrous cycles cease after the animals 
have been 2 to 3 weeks on such a diet and there is marked loss in weight. 
These animals respond to gonadotrophins in the same manner as the rats 
on the deficient diet described above. The results of two tests using the 
vegetarian bean diet are shown in Table II. The mean slope of these two 
tests are within the same range as found for the deficient diet; however, the 
values for the RDso (column 5) are somewhat higher. 


TABLE II 


SLOPE OF REGRESSION LINE AND RD OF CHORIONIC 
GONADOTROPHIN USING A DIET OF VEGETARIAN BEANS 














Assay Rats No. Slope 6} Vb RD», 1.U 
1 39 10.189 9.727 0.842 
2 30 3.532 6.776 0.725 





The Stability of Chorionic Gonadotrophin in Dilute Saline Solution 


In the early studies on the assay of pharmaceutical preparations of solu- 
tions of chorionic gonadotrophin it was observed that there was some loss in 
potency between the time at which they were released by the manufacturer 
and were procured for assay in these laboratories. To compensate for this 
loss in potency, manufacturers now usually add 20 to 25% overage. 
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In order to determine to what extent the loss in potency occurred in dilute 
saline, comparative assays were designed in which injections of the reference 
standard were made into one group of rats immediately on preparation of 
the dilutions for injection and the same solution of the standard was held in 
the refrigerator and used for making the injections 24, 48, and 72 hours later. 
The potency of the solutions held in the refrigerator was calculated as un- 
knowns in reference to the solutions injected within 1 hour of preparation. 

The results are shown in Table III. It is seen that there is a loss in potency 
of approximately 25% during the first 24 hours of storage in a refrigerator 
and this loss does not appear to increase with further storage up to 72 hours. 


TABLE III 


STABILITY OF CHORIONIC GONADOTROPHIN IN DILUTE SALINE SOLUTION 

















Storage Potency, % 
time, Assays unknown (delayed inj.) Limits of error, 
hr. No. Rats No. standard (immediate inj.) % SmX 1.96 
24 3 270 74.7 63.4 to 88.1 
48 3 291 72.3 62.0 to 88.4 
72 3 300 76.2 66.5 to 87.2 





The Annual Variations of the Slope of the Regression Line and RD,;, 
of Chorionic Gonadotrophin and Gonadotrophin of 
Pregnant Mare’s Serum 


A number of years of experience in the use of the method was obtained in 
checking the potency of pharmaceutical preparations on the market. The 
regression lines of the dosage levels prepared for the International Standards 
were separated from the dosage levels prepared for the pharmaceutical pre- 
parations in each assay and the 50% response calculated for the International 
Standard. The variations in the number of assays completed each year 


TABLE IV 


THE ANNUAL VARIATIONS IN MEAN SLOPE OF THE REGRESSION LINE 
AND RD FOR CHORIONIC GONADOTROPHIN 








Regression 





Year Rats No. lines No. Slope, bc Vbe RDw, I.U. 

1 488 10 5.963 0.339 0.242 
2 534 11 5.487 0.343 0.331 
3 239 5 7.552 0.886 0.440 
4 368 7 7.046 0.473 0.368 
5 267 5 7.898 0.673 0.319 
6 97 2 5.787 1.435 0.390 
7 188 3 6.564 0.983 0.346 
8 114 2 4.483 1.104 0.360 

Total 2295 45 

Mean 


(weighted ) 6.319 0.079 0.344 








PUGSLEY: BIOLOGICAL ASSAY OF GONADOTROPHIN 895 


reflect the number of preparations checked. The combined slope (bc) and 
the 50% response (RDjo) were calculated for the assays performed each year. 
The data obtained for the International Standard for chorionic gonadotrophin 
are shown in Table IV and for gonadotrophin of pregnant mare’s serum in 
Table V. 

TABLE V 


THE ANNUAL VARIATIONS IN MEAN SLOPE OF THE REGRESSION LINE 
AND RD OF PREGNANT MARE’S SERUM GONADOTROPHIN 











Regression 
Year Rats No. lines No. Slope, bc Vbe RD», I.U. 
1 307 6 6.689 0.692 0.487 
2 258 5 6.180 0.749 0.542 
3 48 1 12.623 11.032 0.618 
4 116 2 4.952 1.204 0.430 
5 68 1 4.771 2.566 0.331 
Total 797 15 
Mean 
(weighted) 6.117 0.244 0.489 





Data were available for 8 successive years in the case of chorionic gon- 
adotrophin in which this method of assay was used, involving a total of 2295 
rats and 45 regression lines. The slope of the regression line varied from 
year to year ranging from 4.483 to 7.898; the mean for the 8 years (column 4) 
is 6.319 with a variance of 0.079. The RDso expressed in I.U. also showed 
some variation, being somewhat lower in the first year in which the method 
was used than in later years. There is no consistent trend in the values 
(column 6) and the mean RD for all years was found to be 0.344 I.U. 

Similarly, in the case of gonadotrophin of pregnant mare’s serum, data 
were available for 5 years of experience in the use of the method, involving 
797 rats and 15 regression lines (Table V). The combined slope (6.117) 
for all years is quite within the range obtained for chorionic gonadotrophin. 
The values obtained for the 50% response for pregnant mare’s serum 
gonadotrophin are somewhat higher than those obtained for chorionic 
gonadotrophin indicating a lower content of the oestrous producing factor 
in the pregnant mare’s serum preparation of the International Standard 
than in the chorionic gonadotrophin standard. 

Although the tables show that 2295 and 797 rats were utilized in determining 
these regression lines, only 800 and 360 rats respectively were drawn from the 
stock colony since the same group of rats were used in successive assays. In 
cases where only one or two assays were completed per year, others could 
have been done if there had been a demand for them at the time. 


Discussion 


The findings of Heard and Winton (11) regarding the application of adult 
dietary anoestrous rats as test animals in the assay of chorionic gonadotrophin 
and gonadotrophin of pregnant mare’s serum have been fully confirmed 
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through a number of years of experience. The method permits the assembling 
of an adequate number of rats at one time to perform a complete assay yielding 
a reasonable degree of precision. Except in laboratories maintaining a large 
breeding colony, difficulties are presented in other proposed methods of 
assay in obtaining a sufficient number of immature rats of the same age and 
sex at one time. Under such circumstances it is necessary to prepare doses 
for injections for small groups of rats at intervals as they become available 
and to combine the data to obtain a reasonable degree of precision. This 
method of assay permits one to place the required number of animals on assay 
to yield a desired degree of precision and to complete the assay at one time and 
without preparing a number of dosage levels for injection at varying periods 
of time as the rats become available. The method is economical in the use 
of animals, reference standard, and the time required to complete an assay. 
Two or more unknown preparations may be conveniently assayed against 
the same reference standard. The sensitivity of the method is better than 
that of methods of assay involving oestrus production in immature female 
rats and considerably better than those of the ovarian weight methods 
available. 

A certain amount of care must be exercised in handling the deficient rats 
since they are ravenously hungry at the time of injection and smearing. 
This difficulty is readily overcome by wearing a leather glove on the hand 
holding the rats. 

The stability of the RDso from assay to assay and between years (Tables 
IV and V) is of particular significance in that it obviates the use of orientating 
tests to ensure responses between 20 and 80%. This permits one to plan 
and proceed with an assay having a degree of precision acceptable for the 
circumstances. 
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ENVIRONMENTAL INFLUENCES AFFECTING ARTERIAL 
PRESSURE IN MALES IN THE SEVENTH DECADE! 


R. G. Brown, THomAs McKeEown, AND A. G. W. WHITFIELD 


Abstract 


Measurements of arterial pressure in 1045 representative men in the seventh 
decade are used to examine its relation to age, social class (as indicated by 
occupation), physical and mental demands of occupation, and smoking habits. 
It is shown that both systolic and diastolic pressures tend to rise as economic 
and social circumstances become progressively less favorable; they are lower in 
smokers than in non-smokers. There is no evidence that arterial pressures are 
related to the physical or mental demands of employment. 


The chief difficulty in assessing the relation of arterial pressure to variables 
such as age has been that of obtaining data in respect of a representative 
sample of the general population. As a rule observations have been recorded 
on individuals whose representativeness is in doubt, or on students or others 
restricted to an age period in which the trend is of relatively limited interest. 
Among the most satisfactory data for the general population are those reported 
by Hamilton, Pickering, Roberts, and Sowry (3), who examined the arterial 
pressure in 2031 hospital out-patients (1204 females and 827 males) of ages 
from 10 to 85 years. They provided a full account of the trend in association 
with age, and estimated the correlation (+0.23) between arterial pressures 
of propositi and first degree relatives. If this correlation is attributable 
to the influence of inheritance, it is evident that a considerable part of the 
variation is environmental in origin. 

Apart from the conditions under which the measurement is recorded, 
there has so far been little direct evidence about the nature of environmental 
influences which affect arterial pressure. In the course of a medical exami- 
nation undertaken during 1956 for the purposes of another enquiry, blood 
pressure was measured in a little over 1000 representative men in the seventh 
decade, approximately 100 in each year of age. The data have provided an 
opportunity to examine the relation of pressure to age in this decade on rather 
larger numbers than have previously been available, and to explore the possible 
effect on pressure of certain environmental influences: social class (as indicated 
by occupation); physical strain; mental strain; and smoking. 


Methods 


The data were derived from an investigation concerned primarily with 
the relation between medical fitness and age of retirement. For the purpose 
of this enquiry 11 Birmingham general practitioners attempted to examine 
all males on their lists who were in the seventh decade, and to assess their 
fitness for employment in the light of the medical findings. 

1 Manuscript received May 31, 1957. 


Contribution from the Department of Social Medicine and the Department of Medicine, 
University of Birmingham, England. 


Can. J. Biochem. Physiol. 35 (1957) 
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There were 1243 men aged 60-69 on the lists of the 11 doctors (Table I). 
Of these, 1062 were examined, the remainder being either untraced, dead, 
or not examined for other reasons, usually because the individual was not 
at home at the time of the general practitioner’s visit. Since doctors made 
a serious attempt to see all patients in their own homes or in their surgeries, 
we are satisfied that no significant bias has been introduced. Elsewhere 
(1) it has been shown that the age distribution of the men examined is approxi- 
mately the same as that of the male population of Great Britain, as indicated 
by the 1% sample of the 1951 census, and apart from a small deficiency in 
Class IV (semiskilled workers) the distribution by social class is reasonably 
consistent with that of Birmingham men aged 15 and over. (The 1% sample 
of the census unfortunately does not give the class distribution of Birmingham 
males aged 60-69.) 

TABLE I 


NUMBER OF MEN AGED 60-69 ON THE LISTS OF 11 GENERAL PRACTITIONERS 











Number Percentage 








Men examined 1062 85.4 
Men not examined: dead 21 1.7 
untraced 58 4.7 
other 102 8.2 
Total 1243 100.0 





Arterial pressures were recorded for 1045 of the 1062 men. They were 
measured by some practitioners to the nearest 5 mm. Hg, and by others to 
the nearest 10 mm. The observations have the two advantages that they 
are based upon a representative sample of the male population in the age 
group, and that numbers are large enough to give reliable estimates for each 
year of age without recourse to elaborate statistical treatment. Apart from 
the restriction in respect of sex and age, perhaps the only disadvantage is 
that the data were obtained in the course of a broader investigation; no 
special instructions were given about the method of measuring arterial pressure, 
nor indeed were the practitioners aware that the observation would be the 
subject of separate analysis. But the doctors were selected because of their 
research interest and competence — several of them are active members of the 
research panel of the College of General Practitioners—and there is no reason 
to doubt that pressures were measured with as much care as would ordinarily 
be exercised by an experienced observer not aware that this observation had 
any special significance. 

An opportunity to assess the accuracy of the measurements was provided 
by the fact that a second reading was taken on 86 patients by one of us 
(A.G.W.W.) These were men referred to a hospital out-patient clinic for 
fuller investigation because they had had a history of coronary disease. 
It is not of course suggested that their arterial pressures are representative 
of the whole sample, but this does not affect the usefulness of a comparison 
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between the two sets of readings (Table II). The mean difference between 
readings and the mean rise or fall of the second reading are of the same 
order of magnitude as those recorded at corresponding levels of arterial 
pressure by Hamilton eft al. (3), who examined readings taken at different 
times by observers both of whom were aware that a comparison would be 
made. In the present enquiry neither the first nor the second observer was 
aware that the results would be compared. 


TABLE II 


DIFFERENCE BETWEEN READINGS OF PRESSURE (MM. HG) MEASURED BY DIFFERENT 
OBSERVERS IN 86 MEN REFERRED FOR INVESTIGATION OF CORONARY DISEASE 














Mean Mean Mean 
- eo difference rise of 
First Second between second 
reading reading readings reading 
Systolic 165.2 163.8 20.6 —1.4 
Diastolic 92.3 93.8 11.6 +1.5 
Results 


1. Arterial Pressure according to Age 

Table III gives the means and standard deviations of systolic and diastolic 
pressures for men in each year of age between 60 and 69. The distributions 
are given in full in Appendix Table I. Fig. 1 shows the means with limits 
of one standard error above and below the means. 

The data suggest that systolic pressure increased with age; the mean for 
men aged 65-69 (164.8) is 5.1 mm. higher than that for men aged 60-64 
(159.7). Most of this increase was in the last 2 years of the decade, and there 
is little evidence of change before age 68. The observations scarcely justify 
a firm opinion about the trend of pressure from year to year, but the fact 


TABLE III 


ARTERIAL PRESSURE (MM. HG) ACCORDING TO AGE 




















Systolic pressure Diastolic pressure 
Number —————————- — a 28 

Age of Mean Standard Mean Standard 

(years) men deviation deviation 
60 114 161.2 28.0 90.9 3.35 
61 139 156.9 24.8 87.8 12.3 
62 127 159.5 26.9 90.0 1$.3 
63 106 163.6 30.0 90.5 ‘7.2 
64 111 158.0 30.3 88.9 13.3 
65 101 160.4 32.0 89.9 a3.2 
66 93 162.5 30.4 89.2 12.9 
67 77 163.2 27.9 90.9 12.9 
68 90 169.9 30.1 92.2 15.2 
69 87 168.3 23.7 90.9 13.8 
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that the incidence of disability (from all causes) rises fairly sharply during 
the last year (1) suggests that it cannot be taken for granted that a variable 
such as blood pressure increases regularly throughout the decade. However, 
for reasons referred to later in the discussion (essentially because we are 
dealing with different populations at each year of age and not with a cohort) 
the point is of somewhat limited interest. 


1 systouc ; 
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Fic. 1. Mean arterial pressure according to age. Vertical lines show one standard 


error above and below the means. Horizontal lines have been prepared from equations 
published by Hamilton et al. (3). 


There was little variation in diastolic pressure with age; the mean for 
the second 5 years (90.6) is 1.0 mm. higher than that for the first 5 years 
(89.6). 

In Fig. 2 the distribution of arterial pressure of men in the two 5-year 
periods (60-64 and 65-69) are given in the form of histograms. For this 
purpose systolic pressures have been grouped in 20 mm. intervals and diastolic 
pressures in 10 mm. intervals. We have not attempted to estimate the mean 
of the measurements in each interval, which would of course vary according 
to the number of observations, or to give the actual mid-point on the scale, 
which in the present context would be somewhat misleading. Here we are 
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concerned only with a comparison between the distributions at the two age 
periods, and the limits shown at each interval give the lowest and highest 
of four consecutive measurements in the case of systolic pressure, and the 
two actual measurements in the case of diastolic pressure. The results are 
consistent with the conclusion suggested by the means: there was an increase 
of systolic pressure in the later age-period but little change in diastolic 
pressure. 
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Fic. 2. Percentage distribution of arterial pressures according to age. 














Hamilton et al. (3) examined the regression of arterial pressure on age, 
and concluded that, in males, systolic pressure increases by 0.758 mm. Hg 
per year and diastolic pressure by 0.353. The first of these estimates is a 
little lower than that suggested by our own data and the second is a good 
deal higher. But a more conspicuous difference between the results of the two 
investigations is that between the levels of arterial pressure in the seventh 
decade. Fig. 1 shows the regression lines obtained from the equations given 
by Hamilton et al. (3). At corresponding ages their estimates of systolic 
and diastolic pressure are lower than our observed mean values by approxi- 
mately 15 mm. and 5 mm. respectively. The explanation of these differences 
is presumably to be sought in the composition of the two samples, or in the 
method of recording pressures. These possibilities are referred to in the 
discussion. 


2. Arterial Pressure according to Social Class 


As one index of environmental influences we have made use of a classification 
according to “social class”. This is a classification used in national statistics 
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in Great Britain, which has proved most valuable as a guide to variation in 
the incidence of disease according to economic and social circumstances. 
It is based upon a grouping of occupations into five classes as follows. 


Class I. Professional, etc., occupations. 
Class II. Intermediate occupations. 
Class III. Skilled occupations. 

Class IV. Partly skilled occupations. 
Class V. Unskilled occupations. 


Occupations are listed separately and classified in the Classification of 
Occupations, 1950, prepared by the General Register Office. It is not of 
course suggested that such a classification involves no inconsistencies, or 
that it provides precise information about the nature of the environmental 
influences to which individuals in a given class are exposed. Nevertheless 
as a broad index of variation associated with economic and social circumstances 
it is of considerable value. And certainly if the incidence of a disease is 
unrelated to “‘social class’ it is usually permissible to conclude that a con- 
siderable number of possible environmental influences have been excluded. 


TABLE IV 


ARTERIAL PRESSURE (MM. HG) ACCORDING TO SOCIAL CLASS 








Systolic pressure 
7 


Diastolic pressure 
Social of Standard 





Standard 


class men Mean deviation Mean deviation 
I 27 149.8 18.3 87.0 10.7 
II 155 161.7 p< ae 88.2 14.0 
III 606 160.7 28.6 89.9 14.3 
IV 106 165.4 31.8 91.6 14.3 
V 151 166.2 28.9 91.6 14.9 





Table IV gives the mean and standard deviations of systolic and diastolic 
pressures of men in each of the five social classes. The distributions are 
given in full in Appendix Table II. Fig. 3 has been prepared in the same 
form as Fig. 1, to show the means with limits of one standard error above 
and below. The data suggest that both systolic and diastolic pressure 
increase from Class I to Class V. That is to say arterial pressure tends to 
rise as economic and social circumstances become progressively less favorable. 
The same conclusion is suggested by the distributions given in Fig. 4, in 
which Class I (in which the number of men was relatively small) has been 
combined with II and Class IV with V. 


We have attempted to enquire whether this association could result from 
either (a) the influence of arm circumference, or () variation in the social 
class distribution of patients in the different practices. 
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standard error above and below the means. 

It has been shown that measurements of arterial pressure are related to 
arm circumferences (4, 6), being relatively lower in small arms and higher 
in large arms. It seemed possible that this might affect the relation between 
arterial pressure and social class, defined according to occupation. Although 
we have no observations on arm circumference, this possibility seems to be 
excluded by the evidence presented in the following section (Table VII), 
in which it is shown that arterial pressure is not consistently related to the 
physical demands of employment. If arm circumference were the main 
source of variation in pressure according to social class, an even sharper 
association might have been expected according to the physical demands 
of employment. (The incidence of obesity—the other important variable 
which might effect arm circumference—would be expected to be lower in 
Class V than in Class 1.) The only suggestion of association between arterial 
pressure and the physical demands of employment is the relatively lower 
readings for men doing sedentary work. Mean systolic and diastolic pres- 
sures have therefore been estimated after exclusion of individuals in sedentary 
occupations (Table V). The trend in relation to social class is scarcely affected 
by this treatment. 
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Fic. 4. Percentage distribution of arterial pressures according to social class. 


TABLE V 


ARTERIAL PRESSURE (MM. HG) ACCORDING TO SOCIAL CLASS 
AFTER EXCLUSION OF MEN IN SEDENTARY OCCUPATIONS 











Mean Mean 
Social Number systolic diastolic 
class of men pressure pressure 
I 15 152.3 88.7 
Il 109 161.2 88.4 
III 534 161.0 90.0 
IV 105 165.6 91.7 
V 148 166.2 91.8 





The second possibility which we have considered is that the trend is due to 
variation in the class composition of the different practices, and a difference 
between practitioners in the method of measuring arterial pressure. The 
number of patients of any single doctor is too small to permit separate assess- 
ment of the relation between arterial pressure and social class, but all but 
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one of the 11 practitioners were associated with one or more partners, to 
give four groups of practices (after excluding the single independent practice). 
The trend of pressure according to social class is given separately for each 
practice group in Table VI; the results are very consistent and leave no doubt 
that the association between arterial pressure and social class is not attributable 
to variation in the class composition of the practices. 


TABLE VI 


ARTERIAL PRESSURE (MM. HG) ACCORDING TO SOCIAL CLAss (I-\) 
IN DIFFERENT PRACTICES 











Systolic Diastolic 
Practice - 24 4 reece = a Sean era ns maeees 
group I and II Ill IV and V I and II III IV and V 
A 155.2 161.7 166.7 83.9 89.4 90.9 
(23) (94) (49) (23) (94) (49) 
B 160.2 162.8 166.9 91.6 92.7 93.3 
(66) (133) (53) (66) (133) (53) 
& 157.6 158.7 165.7 83.3 85.5 86.9 
(65) (173) (67) (65) (173) (67) 
D 161.8 155.6 163.1 93.4 90.7 94.8 
(22) (169) (78) (22) (169) (78) 
Note: (Numbers of men are given in parentheses). 


Because of small numbers one independent practice of 57 men has been excluded 


3. Arterial Pressure according to Physical and Mental Demands of 
Occupation 

For the purposes of the main enquiry from which the observations on 
arterial pressure were derived, men were asked to assess the physical demands 
of their “original’’ employment as ‘‘very heavy, moderately heavy, light, 
or sedentary’’, and the mental demands as ‘severe, moderate, or trivial’. 
Since these men were either a little below or above retirement age (65) it 
was considered necessary to define their original employment as consistently 
as possible. In the case of men aged 65-69 it was defined as the work done 
just before retirement age, and in the case of men aged 60-64 it was the work 
on which they were then engaged, or were last engaged if they were not 
at work. This procedure makes no allowance for changes of employment, 
which are known to be particularly common in these age groups in the case 
of men doing unskilled or heavy work. But when changes of job have been 
frequent it is by no means easy to decide what should be regarded as a man’s 
employment, and it seemed preferable to consider the work done just before 
retirement age. Eighty-seven per cent of the men had been in the same 
occupation for more than 5 years (76% for more than 10 years) and we are 
satisfied that in the great majority of cases the work in respect of which 
physical and mental demands were assessed was that on which the individual 
had chiefly been engaged during his working life. 
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It is also necessary to recognize the subjective nature of the information 
about the demands of work. Nevertheless it seems reasonable to believe 
that an individual can usually assess the requirements of his occupation 
within the very broad divisions to which we have referred. 


TABLE VII 
ARTERIAL PRESSURE (MM. HG) ACCORDING TO PHYSICAL DEMANDS OF OCCUPATION 














Systolic pressure Diastolic pressure 
Number 
Physical of Standard Standard 
demands men Mean deviation Mean deviation 
Very heavy 156 162.3 27.0 90.0 12.4 
Moderately heavy 387 161.5 30.2 90.8 14.6 
Light 367 163.2 28.2 89.8 14.8 
Sedentary 134 159.0 27.2 88.0 13.9 





Arterial pressures are given according to the physical demands of employ- 
ment in Table VII, and according to the mental demands in Table VIII. 
There is no trend in either systolic or diastolic pressure in relation to mental 
demands and the only evidence of variation in relation to physical demands 
is the relatively low pressures in men in sedentary work. Since the physical 
demands of employment vary according to social class, it is possible that 
this result reflects the high proportion of men doing sedentary work who are 
in favorable social and economic circumstances, We have already given 
reasons for believing that the relationship between arterial pressure and 
social class is not determined by the physical demands of employment. 


TABLE VIII 
ARTERIAL PRESSURE (MM. HG) ACCORDING TO MENTAL DEMANDS OF OCCUPATION 


























Systolic pressure Diastolic pressure 
Number ———————- == —- 
Mental of Standard Standard 
demands men Mean deviation Mean deviation 
Severe 168 161.0 27.4 90.1 13.6 
Moderate 507 161.4 29.0 89.6 14.3 
Trival 369 163.0 28.8 90.4 14.6 





4. Arterial Pressure according to Smoking Habits 

Men in the sample were asked about their smoking habits. The method 
used in recording amounts smoked was that employed in previous enquiries (2). 
A man was regarded as a smoker if he had smoked one cigarette per day 
(or 4 oz. of tobacco per week) for a year. Smokers were asked at what 
age they started, how much they were smoking at present, or, if they had 
given up smoking, the age at which they stopped and the amount smoked 
immediately before. Not all of these observations have been used in the 
examination of arterial pressure. 
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Table IX gives mean arterial pressures according to smoking habits. 
The results can be summarized in the statement that diastolic pressures were 
lower for all classes of men smoking than for those not smoking, among 
whom are included non-smokers (defined above) and those who had given up 
smoking. The differences are not very great, but they are remarkably 
consistent. Differences in respect of systolic pressure are less consistent, 
but in general pressures are lower for men smoking than for men not smoking. 


Discussion 


The levels of arterial pressure which we have recorded in males in the 
seventh decade are higher than those obtained from the regression equations 
given by Hamilton et al. (3). The differences are presumably attributable 
to a difference in the composition of the two samples, or in the method of 
measuring pressure. We are satisfied that the representativeness of our 
sample is not in doubt, and the method of measuring pressure—without 
first keeping the patient at rest for a constant interval—is that usually 
followed in general and consultant practice. For these reasons it seems 
permissible to regard the mean systolic and diastolic pressures shown in 
Fig. 1 as approximately those to be expected under ordinary circumstances 
in males in the seventh decade. 





It is scarcely necessary to add that from observations on a representative 
sample of individuals alive in each year, no firm opinion can be reached about 
the age trend of pressure in a cohort composed of individuals aged 60 who 
survive to 70. The sample consisted of all males of the appropriate ages 
on the doctors’ lists, and the declining numbers as age increases (Table III) 
show the extent of mortality in this period. Since those who survive 
undoubtedly have lower mean pressures than those who die, it seems certain 
that the mean arterial pressure at age 60 of individuals who survive to 70 
must be lower, and may be considerably lower, than our data suggest. It 
follows that the age trend (Fig. 1), which is reasonably consistent with that 
obtained from the regression equations given by Hamilton ef al. (3), under- 
states the rise of pressure with age in a cohort of individuals who live through 
the decade. 

Perhaps the chief interest of the observations, however, is that they throw 
some light upon the nature of the environmental influences which affect 
arterial pressure. Hitherto most of the agents which have been shown 
to influence pressure—posture, sensory stimuli, exercise, emotion, etc.— 
appear to have mainly temporary effects, and the evidence of a long-term 
modification of pressure in response to the environment is extremely slender. 
Nevertheless for reasons discussed fully by Pickering (5) the operation of 
such long-term environmental influences is inherently very probable. 

It has been shown (Tables IV—-VI) that mean systolic and mean diastolic 
pressure rise as social circumstances, defined by occupation, become less 
favorable. For reasons referred to above it seems very unlikely that this 
association can be attributed to social class variation in arm circumference, 
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or to differences in the composition of the individual doctors’ practices. 
In kind the evidence is very similar to that available in respect of a number 
of other diseases, in which variation in incidence according to social class 
has provided a valuable if broad index of environmental influence. We have 
no more precise information about the nature of the agent or agents to 
which this association points, but two negative points may be noted. The 
relatively higher level of pressures in poor circumstances evidently cannot 
be due to excessive food intake. Nor is it likely to result from variation by 
social class in the physical demands of employment (see Table VII). 

The other positive finding is the lower level of arterial pressures in smokers 
than in non-smokers (Table IX). The differences are not great, but they 
are consistent. 

We have been somewhat guarded in our interpretation of the evidence 
in respect of physical and mental demands of employment, because it rests 
upon a subjective estimate by the individual of the strain imposed by his 
work. Nevertheless it seems reasonable to believe that when a man is asked 
whether his job was very heavy, moderately heavy, light, or sedentary, 
or whether it imposed a severe, moderate, or trivial mental strain, his answer 
can be accepted. The possible criticism of such criteria is not that they 
are inaccurate but that they are crude. It seems permissible, therefore, 
to conclude that if physical and mental demands of employment have any 
influence on arterial pressure it must be a small one. 
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THE EFFECTS OF INSULIN AND SOMATOTROPHIN ON THE 
GROWTH OF HYPOPHYSECTOMIZED RATS! 


J. M. Satter, I. W. F. Davipson, AnD C. H. Best 


Abstract 


Growth induced by exogenous imgulin in hypophysectomized rats on an 
unrestricted diet is similar to that stimulated by somatotrophin. Both hormones 
promote skelet al growth and produce an increase in weight that is due to an 
increase in total body protein, fat, and water. However, insulin-treated 
animals consume more food, produce more fat, retain less water, and exhibit 
less skeletal growth than comparable rats treated with somatotrophin. Insulin 
and somatotrophin promote the synthesis of similar amounts of protein under 
our experimental conditions. Insulin-induced growth is enhanced and the 
disproportionate increase in fat is prevented by the simultaneous administration 
of somatotrophin. Insulin cannot stimulate protein anabolism in hypophys- 
ectomized rats restricted to the amount of food consumed prior to treatment. 
When the insulin-treated animals are allow ed to consume glucose in addition to 
their basal ration there is a marked increase in the amount of ingested nitrogen 
retained. A comparable reduction in nitrogen excretion cannot be achieved 
when the carbohydrate supplement is replaced by fat. The results also indicate 
that under the experimental conditions described, the protein sparing action of 
glucose is dependent upon an adequate supply of insulin. 


Introduction 


The observation made in 1933 by Collip, Selye, and Thomson (4) that young 
rats continued to grow for several weeks following hypophysectomy clearly 
established the fact that somatic growth is not completely dependent upon the 
anterior pituitary gland. It was shown for the first time in our laboratory 
that insulin can re-establish growth in hypophysectomized rats (16, 27, 28). 
When these animals were injected daily with slow-acting protamine zinc insulin 
they gained weight rapidly. The increase represented true growth since it 
was due to a gain in total body protein as well as in fat and water and was 
accompanied by a proportionate rise in the weights of visceral organs and in 
the length of the long bones. 

The investigations reported here were performed to compare growth and 
changes in body composition induced by insulin with those produced by 
somatotrophin and to study the role of caloric intake on growth stimulated by 
exogenous insulin. 


Materials and Methods 


The Effects of Insulin and of Somatotrophin on Growth and Carcass Composition 
Male rats weighing 100-120 g. and hypophysectomized 14 days previously 

were used in all experiments. The animals ate ad libitum a diet previously 

described (27). During the experimental period the food intake and weight 

of each rat was determined daily. Organs were removed at necropsy, weighed, 

and after a small section was taken from each for histological examination, 
‘Manuscript received June 3, 1957. 


Contribution from the Banting and Best Department of Medical Research, University of 
Toronto, Toronto, Canada. 
Biochem. Physiol. 35 (1957) 
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returned to the carcass. Two tibiae were removed from each animal. Skeletal 
growth was evaluated by measuring the width of the epiphyseal cartilage in 
one tibia according to the method of Greenspan ef al. (10). The results of the 
cartilage measurements were checked by histological examination of sections 
cut from the second tibia. 


Total body water was determined by measuring the weight lost after drying 
each carcass at 80° C. for 72 hours. This procedure removed all but a very 
small fraction of the water. The carcass was then thoroughly ground and 
homogenized and a correction made for the small amount of water remaining 
by redrying aliquots of the ground material to constant weight over 
phosphorous pentoxide. 

Total carcass nitrogen was estimated by determining the nitrogen content 
of aliquots of the dried and ground carcass by the Kjeldahl technique. Total 
body protein was calculated by multiplying the values for total carcass 
nitrogen by Keys’ conversion factor 6.25. The fat content of carcass aliquots 
was determined by the method of Best, Lucas, Patterson, and Ridout (2). 
The hormone preparations used were Protamine Zinc Insulin (40 units/ml.), 
Connaught Laboratories, Toronto, and Anterior Pituitary Growth Hormone 
(Lot 200) Connaught Laboratories, Toronto. 


The Effect of Caloric Intake on Insulin-Induced Growth 

Male rats weighing 114-125 g. and hypophysectomized 3-4 months 
previously were used in all experiments. The diabetic animals used in 
Experiment 4 were prepared by injecting 70 mg. per kilogram of body weight 
of alloxan monohydrate (Gurrs). The alloxan was dissolved in acid-saline, 
pH 4.00, and administered intravenously (tail vein) at a concentration of 
30 mg./ml. Severe glucosuria was apparent within 2-3 days. At this time 
each rat was treated with one unit of protamine zinc insulin (Connaught, 
Toronto) a day for 7 days. The animals were used for experimentation about 
3 weeks after the cessation of insulin therapy. 

The rats were housed in individual metabolism cages in a room maintained 
constantly at 28° C. The urine from each rat was collected under toluene and 
the nitrogen content determined by the micro-Kjeldahl technique. 

The food mixture* consisted of the following ingredients: Commercial dog 
foodt 900 g., sucrose 80 g., white bread crumbs 335 g., powdered skim milk 
887 g., whole-wheat flour 395 g., alpha soya protein 464 g., casein 464 g., 
B-complex vitamin mixture (3) 35 g., and corn oil solution of vitamins A, D, 
and E (3) 35 g. 

The water content and nitrogen content of this diet were determined. The 
amount of food offered each rat daily was calculated in terms of its dry 
weight. The food remaining from the previous day was removed and dried 
to constant weight. The dry weight of the food eaten was determined and 
the nitrogen intake calculated. 

*Protein content approximately 45% of dry weight. 


t‘‘Chum” (Canada Packers Ltd.). In addition to being a well-balanced food, the mixture 
contains spices that appear to make semisynthetic diets more palatable. 








SALTER ET AL.: GROWTH OF RATS 915 


All animals were allowed 10-14 days to accommodate to the high protein 
diet (described above) before being placed on experimental regimens. 


Experimental Procedures and Results 


The Effect of Insulin and of Somatotrophin on Growth and Carcass Composition 

The hypophysectomized rats were divided into four groups. The 14 control 
animals in Group 1 received daily one injection of 0.9% saline. Group 2, 
containing 17 animals, received one daily injection of protamine zinc insulin 
(PZI). Each of the 14 rats in Group 3 received one injection daily of 
somatotrophin (STH). Group 4 contained 15 animals which were given 
daily, one injection of PZI and one of STH. The amounts of PZI and of 
STH administered to these animals were the same as those given to animals 
treated with PZI alone or with STH alone. The food intake of the animals 
in this group was limited to the amount consumed by rats treated with PZI 
alone. All animals were sacrificed on the 16th day. (Detailed information 
regarding dosages is given in Fig. 1.) 


FOOD INTAKE 
G, (dry wt.) 








BODY WEIGHT -G. 





iL iL. iL iL 4. i. 4. J. A. A. 4 i A iL. i ] 
ae a a a a ok 
DAY 


Fic. 1. The average daily food intake and weight changes in hypophysectomized 
control rats, and of comparable animals treated with somatotrophin (STH), protamine 
zinc insulin (PZ1), and somatotrophin + protamine zinc insulin(STH + PZI). Animals 
treated with STH + PZI were limited to food consumed by PZI treated rats. The dose 
of PZI was 0.4 units first day and on subsequent days 0.4, 0.4, 0.8, 1.2, 1.2, 1.2, 1.6, 1.6, 
1.6, 2.0, 2.0, 2.4, 2.4, 2.8 units. STH doses were 10, 25, 50, 50, 50, 50, 50, 50, 100, 100, 
200, 200, 300, 300, 300 micrograms. The same respective dosages were used when the 
rats were treated with STH + PZI. 


The results (Fig. 1, Tables I and II) show that although PZI stimulated 
food consumption to a greater extent than STH, the average weight gain was 
the same for each group of animals. It is also evident that the animals treated 
with both PZI and STH gained the most weight although their food consump- 
tion was limited to the amount consumed by the rats treated with PZI alone. 
The carcass analysis (Table I) revealed that all weight changes were due to an 
increase in the main body constituents water, fat, and protein. The PZI- 
treated hypophysectomized rats synthesized much more fat and retained less 


35, 1957 


VOL. 


BIOCHEMISTRY AND PHYSIOLOGY. 


CANADIAN JOURNAL OF 


o 
— 
a) 


7c 0+ OF 
0°0+0F 
0°0+F0F° 
10+ 8¢° 


¢ 
17 
81 
C 


‘8 +00¢ 
‘9 +861 
ST + 8SZ 
L F&C 


_ 


on ies] 


‘a'S F ‘vl 
*7R9 ‘ydida 


JO WPIM 


$9}S9 |, 


0 €8'OF8 Sl £20 O0FSS'O I1f0'0F60'1 TZ OFLZL 910'O0FSS'0 
0 eL°0F6'E1 L110 O0F9F' 0 SI0°0+96'0 6¢°0F16'9 710 O0F8F'0 
0 OS OF8'EI YOXIO OFIF'O 610°'0F68'0 87'0F99'S ¢10' 0+6F 0 


0 09°O+FZ TI 070'0+72'0 = O10'0+7L'0 t1'O+EO'F F10'0+LE°0 


or: Lea Hy 


JIAVT 


“Sul ‘s[eudipy snuAy] sAoupry 


‘aS F “3S QYysIM uesig 


SLVUY GAZINOLOASAHdOd AH AO SLHOTIM NVOUGC 


Il Wav. 


09 OF €' Te 97'0F8°0% SL 1FF ZIT 6 Ft I’ Sl 0°7I 
tt 0+F9' LZ O¢ '0+0°SZ ce '1+2°16 es SLI 1°91 
9S OFS 8Z SZ OFT 91 LS°IFL ‘101 a 9°81 col 
Lt'0+0 ¢2 LC'OFL' TI 3 OS IFS'ZL ;¢ $07 ety 
ulgJO1 ey JIVE MN Po9UlUltajoOp Ul9}O1 ey 
-uy) 
eAS F SM ades9Ay - . ~ 





AH AO NOLLISOdWOD SSVONV,) 





SLVY GAZINOLOASAHd 


I HTaVvL 


~* 


™~ 


ae) 
ve) 


“I 


jeuly 


oo 


L 


™~ 


"ya. Apoq 


So 


AY 


99 
‘$9 


JOVEN 


uontsoduiod 94 adeiwAy 


ST H.LS + IZd 
LI IZd 
ia HLS 
al [o1}u0+) 
syeJ "ON - “quaunyrad | 


“ULI IY} JO JO1IO prepuRjsS, 





09 cl HLS + IZd 
ct LI IZd 
ct tl H.LS 
t at ]O4}U0,) 
$}e1 JUD RAI T 
‘adueyd “ON 


MCCAY 











SALTER ET AL.: GROWTH OF RATS 917 


water than animals treated with STH. The disproportionate increase in body 
fat induced by PZI was corrected by the concomitant administration of STH. 
Protein synthesis was stimulated to the greatest extent in rats treated with 
both hormones. The protein content of the STH-treated animals was not 
significantly different from that of the PZI-treated rats. 

Measurements of the widths of the epiphyseal cartilage (Table I) indicate 
that the greatest skeletal growth occurred in animals treated with the PZI- 
STH combination. When these hormones were administered singly, PZI 
stimulated skeletal growth to a lesser extent than STH. Microscopical 
examination of epiphyseal cartilage sections confirmed the conclusion based 
on the measurement of cartilage widths but revealed no other significant 
abnormalities or changes. 

The increases in body weight were invariably accompanied by an increase 
in the weights of the heart, liver, kidneys, and thymus gland (Table II). The 
histological appearance of these tissues was normal in all cases. 


The Effect of Caloric Intake on Insulin-Induced Growth 

The same general procedure was followed in each experiment. The daily 
ad libitum food intake of each rat was determined during a control period of 
approximately 7 days. During the subsequent treatment period the daily 
basic food intake (thus the protein intake) of each rat was restricted to the 
amount it consumed during the control period. When the rats were allowed 
to consume additional glucose or fat the material was mixed with the portions 
of basic diet offered. Because of the stimulating effect of PZI on the appetite, 
the experimental animals usually completely consumed their rations. The 
urinary nitrogen excretion of each rat was determined daily. 

Experiment 1: The hypophysectomized rats were treated with PZI and 
were not allowed to increase their caloric intake. Experiment 2: The rats 
were treated with PZI and allowed to consume glucose in addition to their 
basic diet. Experiment 3: The hypophysectomized PZl-treated rats were 
allowed to consume fat (lard) in addition to their basic diet. Experiment 4: 
The rats used in this experiment were hypophysectomized alloxan diabetic 
(insulin deficient*). These animals were not given PZI, but were allowed to 
consume glucose in addition to their basic food ration. 

Detailed information regarding number of animals used, dosages, treatment 
periods, and supplemental feeding is presented in Tables III, IV, V, and VI. 

The administration of PZI to hypophysectomized rats restricted to the 
amount of food consumed before treatment produced a slight increase rather 
than a decrease in urinary nitrogen excretion (Table III). This experiment 
has been repeated many times and in no case has PZI been able to induce 
protein anabolism when the food intake has been restricted. However, when 
PZI was given and the rats allowed to consume more carbohydrate (glucose) 
but no more of their basal diet, there was a marked increase in nitrogen 

*Histological examination of the pancreases of alloxan diabetic rats reveals wide-spread 


destruction of the beta cells, but a small number of beta cells appear to be intact and it cannot 
be safely assumed that these animals produce no insulin. 
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retention of approximately 75 mg. per rat per day (Table IV). Table IV also 
shows that the maximum nitrogen retention was obtained with 1 g. of supple- 
mental glucose and 0.8 units of PZI. Increasing the glucose ration or PZI 
dosage beyond these levels caused no further increase in nitrogen retention. 


TABLE III 


EFFECT OF INSULIN ON THE NITROGEN EXCRETION OF HYPOPHYSECTOMIZED 
RATS MAINTAINED ON A CONSTANT FOOD INTAKE 








Mean values 














Insulin per Dietary Urinary 
Day No. rats rat, units nitrogen, mg. nitrogen, mg. 

1 8 0 367 320 
2 8 0 382 311 
3 8 0 335 320 
4 8 0 395 314 
5 8 0 413 334 
Average 387 320 
6 8 0.4 381 350 
7 8 0.8 398 349 
8 8 1.2 406 351 
ot 5 1.6 395 314 
Average 395 341 

Difference between averages + 8 +21* 





*The table shows only average values. Daily determinations of the nitrogen intake and 
excretion of each rat made possible an analysis of covariance. This analysis showed that the 
difference in the proportion of nitrogen retained between the control and treatment period, 
although small, was statistically significant (p <0.01). 

tBecause the restricted food intake afforded no protection against the hypoglycemic action 
of insulin, the experiment could not be continued for more than 4 days. 


TABLE IV 


EFFECT OF INCREASED CALORIC INTAKE (GLUCOSE) ON THE NITROGEN EXCRETION 
OF NINE INSULIN-TREATED HYPOPHYSECTOMIZED RATS 














Mean values (9 rats) 














Insulin per Glucose Dietary Urinary 
Day * rat, units supplement, g. nitrogen, mg. nitrogen, mg. 

1 0 0 448 390 
2 0 0 448 373 
3 0 0 386 356 
4 0 0 402 348 
5 0 0 394 359 
Average 416 365 
6 0.8 1.0 394 265 
7 1.4 2.0 394 268 
8 2.0 2.5 379 277 
9 2.4 2.§ 409 281 
10 3.0 3.0 394 264 
11 3.4 3.0 409 270 
Average 397 271 

Difference between averages —19 —94* 





*By covariance p <0.01 (see footnote Table III). 
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The reduction in nitrogen excretion obtained by feeding extra carbohydrate 
cannot be duplicated by feeding fat (Table V). 


TABLE V 


EFFECT OF INCREASED CALORIC INTAKE (LARD) ON NITROGEN EXCRETION 
OF SEVEN INSULIN-TREATED HYPOPHYSECTOMIZED RATS 











Mean values (7 rats) 








Insulin per Lard Dietary Urinary 
Day rat, units supplement, g. nitrogen, mg. nitrogen, mg. 

1 0 0 379 310 
2 0 0 398 325 
3 0 0 398 328 
4 0 0 386 319 
5 0 0 400 287 
6 0 0 381 318 
7 0 0 412 337 
Average 393 318 
8 0.4 1.0 375 295 
9 0.6 1.0 392 301 
10 0.8 1.0 374 284 
| 1.0 1.0 383 304 
Average 381 296 

Difference (between averages) —12 —22* 





*By covariance p <0.05 (see footnote Table III). 
The failure of fat to protect the rats against the hypoglycemic action of insulin made it 
extremely difficult to extend the experimental period beyond 4 days. 


TABLE VI 


THE EFFECT OF INCREASED CALORIC INTAKE (GLUCOSE) ON NITROGEN EXCRETION 
OF FIVE HYPOPHYSECTOMIZED ALLOXAN-DIABETIC RATS 








Mean values (5 rats) 








Glucose Urinary Dietary Urinary 
Day supplement, g. glucose, g. nitrogen, mg. nitrogen, mg. 

1 0 2.05 457 420 
2 0 2.17 488 418 
3 0 1.83 422 378 
4 0 2.41 498 439 
5 0 2.39 428 415 
6 0 2.14 445 405 
Average 2.87 456 413 

7 1 2.88 437 403 
8 1 2.99 450 379 
9 1 2.91 448 395 
10 1 2.88 450 390 
Average 2.92 466 392 


o 
~ 
on 


Difference between averages —10 —21* 





*By covariance p <0.01 (see footnote Table III). 
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The nitrogen sparing effect of insulin is dependent upon the supply of 
carbohydrate and conversely the protein anabolic action of carbohydrate 
appears to be dependent upon an adequate supply of insulin. This is evident 
from the data expressed in Table VI which shows that when alloxan-diabetic 
(insulin deficient) hypophysectomized rats are allowed to consume glucose in 
addition to their basic diet the decrease in nitrogen excretion is almost 
negligible. 

Discussion 


The results of these studies, which show that under our experimental 
conditions insulin stimulates growth in the hypophysectomized rats, have 
been adequately confirmed by Griffith (11) and by Salgado, Girerd, and 
Horova (26). 

The findings from many other laboratories support and extend our 
observations. Mirsky and his colleagues (20, 21) showed in 1938 that in 
nephrectomized dogs insulin inhibited urea formation and in eviscerated 
nephrectomized dogs this hormone inhibited the rise of blood amino acids and 
stimulated the utilization of exogenous amino acids for protein synthesis. 
This effect has been adequately confirmed in eviscerated rats by a large 
number of other workers (7, 12, 14, 18, 25). Tracer studies carried out by 
Forker (6), who measured the rate of incorporation of S*° labelled methionine 
into tissue protein, and by Hoberman (13), who used labelled glycine for the 
same purpose, indicate that protein synthesis is severely impaired in the 
diabetic state. 

Sinex ef al. (29) and Krahl (15) have reported that the incorporation of 
C-labelled amino acids into the protein and the tripeptide glutathione of 
isolated rat diaphragms incubated in vitro is enhanced by the addition of insu- 
lin to the incubation fluid. Leslie and Paul (17) found that insulin in vitro 
stimulated the growth of chick heart explants. A similar effect on chick 
bone, also cultured 7m vitro, has been reported by Fell (5). 

The experimental findings suggested that a decreased liberation of endo- 
genous insulin may be partly responsible for the cessation of growth following 
hypophysectomy. Subnormal insulin concentrations in the blood of human 
subjects suffering from hypopituitarism have been reported by Randle (22). 
This investigator also found a marked depression of insulin activity in the 
blood of rats following hypophysectomy (23). Randle (23) reports that the 
insulin activity of plasma from somatotrophin-treated cats is higher than 
that of controls and that the fall in the blood insulin activity of rats following 
hypophysectomy can be prevented if growth hormone is administered immedi- 
ately after the operation. He (24) also found that human acromegalics have 
an abnormally high blood-insulin level. Good indirect evidence indicating 
that somatotrophin increases the liberation of insulin from the pancreas has 
been available for some time. Milman, DeMoor, and Lukens (19) found that 
the administration of somatotrophin to depancreatized cats given a constant 
amount of food and insulin resulted in nitrogen retention; but the amount of 
nitrogen retained was only half that retained by normal animals given the 
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same dose of somatotrophin. When insulin therapy was stopped, somato- 
trophin failed completely to reduce nitrogen excretion. The impaired ability 
of growth hormone to induce nitrogen retention with a limited amount of 
insulin available was corrected if the insulin dosage was increased, three to 
five times, thus suggesting that under normal circumstances somatotrophin 
administration is followed by an increased liberation of insulin. More 
recently Bennet (1) has obtained evidence that somatotrophin increases the 
liberation of insulin from pancreases transplanted to the neck of diabetic dogs. 

According to our indices growth induced by either somatotrophin or insulin 
is qualitatively the same. Both hormones cause an increase in body weight 
that is due to an increase in total body protein; fat and water both stimulate 
skeletal growth and growth of the visceral organs. There are, however, 
quantitative differences which reflect the characteristic action of somato- 
trophin and insulin on fat metabolism. Hypophysectomized rats induced to 
grow with insulin tend to become obese. When insulin and somatotrophin 
are administered simultaneously, or when somatotrophin alone is given, the 
disproportionate increase in fat does not occur. It is, however, necessary to 
recall that a true comparison cannot be made between the growth of hypo- 
physectomized rats treated with insulin and the growth of comparable animals 
treated with somatotrophin since, when insulin is given, no somatotrophin is 
available but, when somatotrophin is administered, endogenous insulin is 
available. Many other investigators have reported (see above) that in species 
other than the rat, somatotrophin has no anabolic activity in the complete 
absence of insulin, i.e., after pancreatectomy.* 

Somatotrophin-induced growth is usually accompanied by an increase in 
food consumption but an increased rate of protein synthesis can occur for 
a limited time in the absence of an increased caloric intake. Stores of body fat 
are utilized to provide the necessary energy. Greenbaum (8, 9) has shown 
that mature intact rats treated with somatotrophin and restricted to the 
amount of food consumed by them during growth stasis grew only until their 
labile body fat depots were depleted. In the light of these and other findings 
it has been suggested by Greenbaum (8, 9) that somatotrophin permits protein 
deposition to occur more rapidly by increasing the catabolism of fat, thus 
making more energy available for peptide synthesis. 

If we assume, as a great deal of evidence indicates, that insulin promotes 
growth by enhancing the utilization and ultimate oxidation of carbohydrate, 
thus increasing the energy available for the synthesis of protein and fat, it is 
to be expected that its anabolic activity will be dependent upon the avail- 
ability of dietary carbohydrate since there is little storage of free glucose 
within the body. The data presented here are in accord with this expectation. 
The results show that in the hypophysectomized rat the protein anabolic 
action of insulin is dependent upon an increase in caloric intake and suggest 
that the increase must be in the form of carbohydrate and not fat. It is also 


*Comparable experiments have not been performed in (surgically) depancreatized, hypo- 
physectomized rats because the survival of this preparation is extremely poor. 
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evident that under our experimental conditions the protein sparing action of 
carbohydrate is largely and perhaps completely dependent upon an adequate 
supply of insulin. 
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STUDIES ON THE TRANSPLANTATION OF A 
RAT TUMOR TO MICE! 


A. CAMERON WALLACE? AND SUSAN DAVIS 


Abstract 


The growth and survival of Walker 256 rat tumor grafted direct from rat into 
mouse thigh was compared with that of the same tumor after long continued 
residence in mouse brain, and also with that of tumors cultivated for a prolonged 
period in vitro. It was found that the pattern of growth and regression with 
tumor grown for 8 months in tissue culture was identical with that produced with 
tumor direct from rats. Tumor previously grown for 30 generations in mouse 
brain showed poorer growth and earlier regression. Since both prolonged 
growth in vitro and serial passage in mouse brain should have removed all the 
original rat stroma, it is concluded that loss of foreign stroma does not appreciably 
affect heterologous transplantation. Similarly, prolonged growth of this 
tumor in a foreign species under the conditions outlined apparently fails to 
produce any selective adaptation of the tumor to the host. 


Introduction 

Many investigators in the past half-century have searched for means of 
extending the range of transplantability of normal and neoplastic tissue to 
foreign hosts. Methods have been devised of conditioning the host in such 
a way that foreign transplants may survive. These have been reviewed 
elsewhere (2, 12) and include subjection of the host to irradiation (14, 19) 
and to cortisone therapy (20), use of an immature animal (16), production of 
“acquired tolerance” in the host by exposure to the required antigen during 
embryonic life (5), and also the use of special sites in the host which appear 
to respond feebly to foreign antigens, such as the anterior chamber of the 
eye (6), the brain (17, 7), and the cheek pouch of the hamster (15). 

Another approach, which has met with variable success, has been the 
conditioning of the tumor, so that it acquires new powers of survival in a 
foreign host. In its simplest form, this concept simply states that, with re- 
peated transplantation in a foreign host, there may be increased. ease of 
transplantation and better survival of the graft. At least two unrelated 
factors have been considered responsible for this phenomenon where it has 
occurred. 

(1) The loss of original stroma which forms a vascular framework of nearly 
all tissues. It is generally conceded that a graft into a foreign host loses this 
“donor’’ stroma and acquires a new ‘“‘host’’ stroma when the graft is 
established. The ingrowth of host blood vessels into a tumor or tissue graft 
has been observed by numerous workers, including Medawar (13) and Algire 
(1), although the observations of Taylor and Lehrfeld (18) suggest that, 
initially at least, the stroma may be formed by a union of host and donor 
vessels. In any case, loss of foreign stroma and acquisition of new host stroma 

‘Manuscript received June 6, 1957. 
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has been repeatedly cited as an important factor in the increased ease of 
transplanting a tumor after first generation growth. This has long been the 
thesis of Greene (8), and more recently Toolan (21) has clearly proposed the 
same hypothesis. This concept might explain why, under some circumstances, 
an established tumor graft will survive in the face of an immune reaction which 
prevents the establishment of a second graft from the same origin as the 
original one (2). The loss of original stroma and acquisition of new host 
stroma could give the established graft some advantage, especially if Greene’s 
thesis that stromal cells are more antigenic than tumor cells is correct. 

(2) Perhaps more important in successful conditioning of tumors is some 
type of “‘adaptation”’ of tumor cells to the new environment, probably by 
differential survival of cells which are either more resistant or less antigenic 
to their new host. There appear to be definite circumstances under which 
“adaptation” can be demonstrated clearly, and others where it does not occur. 
As might be expected, adaptation of tumors to foreign strains (homografts) 
has been more successful than to foreign species (heterografts). Barrett 
and Deringer (3) showed that some tumors could be induced to grow in resistant 
strains by a single prior passage through an F; hybrid host. This change has 
been shown to be permanent and specific. Serial passage of a tumor in 
ascites form in foreign strains may result in complete adaptation of some 
tumors, while it may fail completely with other tumors (9). Complete adap- 
tation of a tumor to a foreign species of animal appears to be much more 
difficult. Subcutaneous passage of a mouse tumor in rats for several years 
may result in only a questionable degree of adaptation (16). On the other 
hand, Koprowski and his co-workers (11) have recently reported successful 
adaptation of a rat tumor to mice by initially using ‘immunologically 
tolerant’? mice and subsequently using the brain as a transplantation site 
for eight generations. Koprowski suggests that ordinary subcutaneous or 
peritoneal passage may be too severe a “‘stress’’ on a tumor and attributes 
his success to a reduction in the initial stress. On the other hand it has been 
suggested by Barrett (4) that at least some degree of stress is probably 
necessary to produce adaptation. 

In the experiments reported here, an attempt was made to compare very 
precisely the growth and survival of a rat tumor which had been grown for 
a prolonged period in mouse brain and was subsequently planted intra- 
muscularly in mice with that obtained with tumor direct from rat. While 
complete adaptation was not expected, it was hoped to detect smaller 
differences which might have been missed in previous investigations, and which 
might represent a degree of adaptation. As an additional study, the same 
tumor was maintained in tissue culture for a comparable period of time 
and similarly compared with the tumor direct from rat on intramuscular 
transplantation. During its cultivation im vitro, the tumor lost all evidence 
of persisting stromal cells, and grew as a pure, uniform culture of tumor 
cells. If loss of stroma were a critical factor in adaptation, then tumor from 
in vitro culture would be expected to give enhanced growth and survival. 











WALLACE AND DAVIS: RAT TUMOR 
Materials and Methods 


Walker 256 carcinosarcoma was used throughout the experiments, and 
stock tumor was normally maintained in Sprague-Dawley rats.* The mice 
used were male DBA line 1.7 

Brain transplants were made in mice by introducing a 1 mm. tumor 
fragment into the right cerebral hemisphere with a small trocar. Under 
nembutal anaesthesia, a small skin incision was made to the right of the 
midline, midway between the eye and ear. The skull was trephined easily 
by rotating the point of a No. 11 scalpel blade in the exposed bone. The 
fragment was then positioned at a depth of about 3 mm. in the brain. 
Mortality from this operation was very low. Transplantations were 
usually carried out every 9 days, but the time varied from 7 to 14 days. 
Two series of brain transplantations were done, and tumor for intramuscular 
transplantation with each series was pooled from about 12 mice carrying 
tumors in their 28th to 32nd generation in mouse brain, representing 9 
months of continuous residence in the foreign host. 


Tissue cultures of Walker 256 tumor were maintained for a period of 8 
months prior to inoculation into mouse thigh. Initial cultures were made 
in plasma clots in Carrel flasks; small foci of cells rapidly liquefied the clot 
and were found to be capable of growth directly on glass. Cultures were 
subsequently maintained in larger T12 flasks. An almost identical method 
of producing massive cultures of this tumor has been described by Hull (10). 
The nutrient fluid consisted of: human ascitic fluid, 40%; Earle’s saline, 
40%; Embryo Extractt 20%. Ten milliliters of combined medium was 
used per flask, and the medium was changed three times a week. Subculturing 
was necessary every 10 days when growth was rapid; considerable saving in 
effort was achieved on some occasions by simply scraping most of the cells 
free from heavily populated flasks when the medium was changed. The 
remaining cells readily repopulated the surface. Reinoculations ‘of cells 
into rats were made at intervals to check on the identity of the cells, and typical 
Walker 256 tumors were always obtained. 

Transplants into mouse thigh were performed by producing suspensions 
of tumor cells as follows: 

Mouse brain tumors were dissected free from surrounding tissue, and 
necrotic tumor was removed. Viable fragments were finely minced in saline, 
and then gently mashed in a test tube with a loosely fitting plunger. Tumor 
direct from rat was made into a suspension in an identical manner. Tumor 
from tissue culture was suspended by scraping the cells loose from the floor 
of the flasks and separating the cells from each other by vigorous pipetting 
with a 1 cc. pipette. The cells were separated from the combined medium 
by slow centrifugation (750 r.p.m.) and resuspended in Earle’s saline. 

*Obtained from Sprague-Dawley, Inc., Madison, Wisconsin, 

tObtained from Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine. 


tDifco T C dehydrated Embryo Extract, reconstituted with distilled water and diluted 
subsequently 1:10 with Earle’s saline. 
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To samples of all suspensions, a dilute solution of trypan blue (0.01%) was 
added, and cell counts were done with an ordinary hemacytometer. Cells 
staining diffusely with trypan blue were eliminated as non-viable (22). In 
the case of tumor from rat muscle and from mouse brain, lymphocytes and 
other non-neoplastic cells were not included in the counts. After the cell 
counts were completed, the concentration of tumor cells in each group to be 
injected was equated by addition of saline. Each injection consisted of 
1,000,000 viable tumor cells in 0.1 cc. of volume, and was made into the 
right thigh. 

After injection, the thighs of DBA mice were palpated daily for tumor 
nodules, which were measured with calipers when present. Sections of 
representative test and control grafts were taken at intervals for microscopic 
examination. 

Two experiments were performed: The first experiment consisted of grafts 
to mouse thigh from 28 to 32 generations (9 months) mouse brain, tissue 
culture (8 months im vitro), and rat thigh, and these three groups were com- 
pared simultaneously. In the second experiment, grafts were made to mouse 
thigh of a second specimen of tumor after 30 generations in mouse brain, 
and compared with grafts direct from mouse thigh. 


Results 


In both experiments initial grafts of tumor to mouse brain produced 
“‘takes” in all of six animals. Thereafter, growth varied somewhat, but there 
was little difficulty in maintaining the tumor throughout the experiments. 
Necrosis appeared centrally and was accompanied by neutrophile infiltration 
in about 10 days (see Figs. 2 and 3). Growth became somewhat poorer 
after 25 generations in each experiment, with fewer successful takes and a 
slightly smaller volume of growth at the end of 8 to 10 days. It seems likely 
that the tumor would have eventually been lost, and the repeated passage 
in mouse brain was clearly not accompanied by progressive ease of 
transplantation. 

Tissue cultures of the tumor produced luxuriant growth which varied in 
rate from month to month, but usually resulted in crowding in 10 days. 
Constant morphology of the cells was maintained (see Fig. 1) and stained 
smears at the time of transplantation into mouse revealed no non-neoplastic 
cells. Transplantation into rat resulted in typical Walker 256 tumor, usually 
accompanied by lung metastases. The results of the transplantation ex- 
periments into mouse thigh are given in Table I. It can be seen that tumor 
cells after 8 months in tissue culture showed a growth and survival pattern 
in mouse thigh which was identical with that displayed by tumor direct 
from rat. No evidence of either increase in growth or survival time is ap- 
parent. In contrast, tumor which had remained in serial passage in mouse 
brain for 9 months showed poorer growth and earlier regression than the 
control grafts. This is true of both trials, which were performed a year 
apart. 
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WALLACE AND DAVIS: RAT TUMOR 


TABLE I 


AVERAGE SURVIVAL TIME AND AVERAGE MAXIMUM TUMOR DIAMETER 
OF WALKER 256 TUMOR INOCULATED INTO DBA MOUSE THIGH 








Number 








Source of of mice Average time to Average maximum 
tumor inoculated complete regression tumor diameter 

Expt. 1 Mouse brain 12 8.1 days + 1.4(S.D.) 3 mm. + 1.1(S.D.) 
Tissue culture 26 10.4 days + 1.4(S.D.) 6.5mm. + 1.7(S.D.) 

Rat 17 10.6days +1 (S.D.) 5.7mm. + 1.9(S.D.) 

Expt. 2 Mouse brain 40 7.5 days + 1.6(S.D.) 2 mm. + 1.2(S.D.) 
Rat 20 10.1 days + 1.7(S.D.) 4.4mm. + 1.4(S.D.) 

Discussion 


The results of the above experiments indicate that the presence or absence 
of stromal cells in this particular tumor has no influence on the success of 
heterologous transplantation. While it seems therefore that, as a general 
principle, this explanation of the “‘adaptation”’ of some tumors to foreign hosts 
is not a valid one, stroma might nonetheless be of importance in the grafting 
of some tumors. Possibly very cellular tumors such as the one used in the 
present study have such a small proportion of stromal cells that their 
removal does not affect transplantability. On the other hand, very scirrhous 
human tumors might be hampered by their fibrous matrix and show better 
growth when released from the stroma. Trials of this on human tumors 
by the present investigators were unsatisfactory because of the poor growth 
obtained both on brain transplantation and in tissue culture. Unfortunately, 
no truly scirrhous experimental tumors are available as far as is known. On 
the basis of the present observations Greene’s hypothesis, that the loss of 
original stroma is a key step in the adaptation of tumors to a foreign host, 
is erroneous. 

The progressively poorer growth of the Walker tumor in mouse brain is 
surprising in view of Koprowski’s adaptation of a rat tumor to mouse by the 
use of this transplantation site for eight generations. As he has suggested, 
the previous use of an immunologically ‘‘tolerant’’ animal may be important. 
It seems likely that if a tumor is to be adapted to a foreign species, optimum 
conditions, with sufficient stress to encourage adaptation, but with insufficient 
foreign body reaction to progressively devitalize the tumor, are necessary. 
While it is conceivable that the brain, representing a partially ‘‘immunolog- 
ically isolated” site, may shield the tumor too much to stimulate adaptation, 
the presence of a fairly violent inflammatory reaction in most tumors sectioned 
after about 12 days suggests that the environmental conditions were probably 
too severe, and produced a gradual loss of vitality in the tumor. The results 
do not justify the conclusion that the Walker 256 tumor cannot be adapted 
to growth in mice, but demonstrate that prolonged growth in a foreign host, 
even in a comparatively favorable site, may result in a decrease in the ease 
of transplantability rather than in “‘adaptation” of the tumor. 
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THE RATE OF DISCHARGE OF ADRENOCORTICOTROPHIC 
HORMONE AS DETERMINED BY TIMED HYPOPHYSECTOMY 
IN THE RAT! 


C. N. H. Lone anp M. F. M. BoNNyYCASTLE 
With the technical assistance of |. CHAPPELKA 


Abstract 

The pattern of secretion of adrenocorticotrophic hormone (ACTH) has been 
studied by opening the pituitary fossa of rats 36 hours before unilateral adrena- 
lectomy. At selected intervals afterwards, the pituitary gland was removed and the 
effect on the fall in the ascorbic acid content of the remaining adrenal gland was 
determined. It was found that ACTH discharge is initiated with great rapidity 
and that the secretory pattern is a biphasic one. The first phase continues for 
about 5 minutes and then declines. It is succeeded by a second period of 
secretion that is much more prolonged. It is suggested that these results support 
the view that both a neural or neural—humoral and a purely humoral mechanism 
participate in the regulation of ACTH secretion. 

Gray and Munson (6) have reported that the intravenous injection of adrenal 
cortical extract within 10 to 15 seconds after the intravenous injection of 
histamine into rats prevents the usual fall in adrenal ascorbic acid that 
follows the latter. Their experiments suggest that the anterior pituitary 
can secrete adrenocorticotrophic hormone in response to histamine injection 
with great rapidity. 

Since unilateral adrenalectomy, carried out 1 or 2 hours apart, is used 
extensively as a test of pituitary response to stress, a series of experiments 
has been carried out to determine both the speed and duration of ACTH 
release following this procedure. 

The method used has been that of timed hypophysectomy, a method similar 
in its conception to that used by Fee and Parkes (2) to determine the time 
relationships of the release of ovulating hormone in the rabbit. In the 
experiments reported in this paper the sphenoid bone of rats was drilled open 
to expose the pituitary 36 hours beforehand. On the day of the experiment 
the left adrenal was removed, then, after this, at intervals which ranged from 
a few seconds to 1 hour, the wound in the neck was opened and the pituitary 
rapidly removed by suction. The right adrenal was then removed either 
1 or 2 hours after the time at which the left had been excised. The estimation 
of the degree of ACTH release was made by comparing the decline in adrenal 
ascorbic acid in such animals with the decline in rats whose pituitary had 
been exposed beforehand but left intact during the time between the removal 
of the two adrenals. 


Methods 


Male rats weighing 150-200 g. were used. The pituitary fossa was reached 
and drilled open through the parapharyngeal approach 36 hours beforehand. 
At the time of the experiment the animals were anesthetized with Nembutal 


1Manuscript received June 6, 1957. 

Contribution from the Department of Physiology, Yale University, New Haven, Conn., 
U.S.A. This investigation was supported by a research grant (A256) from the National 
Institutes of Health, Public Health Service. 
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(Abbott), 5 mg. per 100 g., and kept under anesthesia during the period of 
study. Adrenal ascorbic acid was determined by the method of Roe and 
Keuther (8). Any animal in which the ascorbic acid content of the first 
adrenal removed was less than 350 mg. % was not included in the series. 
At the termination of the experiment the pituitary fossa was examined, and 
any animal in which even small pieces of the gland could be seen under a hand 
lens was also discarded. 

Two series of experiments were performed. The first was designed to 
determine the speed of response of the anterior pituitary to unilateral 
adrenalectomy. In this series the gland was removed at times ranging from 
7 seconds to 12 minutes after the first adrenalectomy, while the second adrenal 
was removed 1 hour after the first. 

When the pituitary was removed at short but variable intervals after the 
first adrenalectomy, the results on various rats were averaged so that they fall 
into five groups (a) those in which the gland was removed at average time 
of 18 seconds, (0) 48 seconds, (c) 83 seconds, (d) 193 seconds, and (e) 445 
seconds. 

The second series of experiments was designed to test the duration of 
response after unilateral adrenalectomy. In this series the pituitary was 
removed from various groups of animals at 15, 30, 45, and 60 minutes after 
the first adrenalectomy, while the second adrenal was taken for analysis 2 
hours later. In both series of experiments control animals, whose pituitary 
was exposed but otherwise left intact, were subjected to unilateral adrenal- 
ectomy, the second gland being removed either 1 or 2 hours after the first. 
The results of these experiments are given in Table I. 


TABLE I 


THE EFFECT OF TIMED HYPOPHYSECTOMY ON THE DEPLETION OF 
ADRENAL ASCORBIC ACID FOLLOWING UNILATERAL ADRENALECTOMY 











Time between unilat. 
adrex. and hypox. Adrenal ascorbic acid, mg. % 
= raise - No. on panied 
animals % reduction 
Mean Range Left Right % change in response 


A. Adrenals removed 1 hour apart 





Not. hypox. _ 14 441 + 19 321 + 9 —27.2 + 2.1 —_ 
18” 7” — 25° 396 + 19 397 + 19 + 0.3 + 1.6 100 

48” 35” — 55° 10 401 + 12 387 + 15 — 3.5 + 1.9 87 

ie 1/10” — 1'45” 453 + 20 407 + 18 —10.2 + 1.1 62 
3/13” 2’ - 4’ 9 473 + 14 402 + 22 —15.0 + 2.8 45 
7'25” 5’ = 12’ 7 441 + 27 330 + 33 —25.2 + 4.2 7 

B. Adrenals removed 2 hours apart 

Not hypox. - 11 423 + 14 261 + 38.3 + 2.8 — 
15’ _ 13 455 + 12 375 + 8 17.6 + 2.6 54 
30’ _— 17 451 + 14 345 + 16 2a.8 & 2.7 39 
45’ -- 9 452 + 18 326 + 23 27.9 + 4.1 27 
60’ — 7 421 + 20 240 + 5§ 43.0 + 3.9 0 
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Results and Discussion 


It will be seen that, when the pituitary was removed in less than 1 minute 
after the adrenalectomy, there is no significant decrease in the ascorbic acid 
of the remaining adrenal during the next hour. However, removal of the 
gland 1 to 2 minutes after the adrenalectomy does not prevent a small but 
nonetheless significant fall in adrenal ascorbic acid. When the pituitary 
is removed 2—4 minutes after removal of the adrenal, the fall in adrenal as- 
corbic acid is about half of that found in the control group, but delay in its 
removal to between 5 and 12 minutes does not alter the degree of adrenal 
response as judged by the fall in ascorbic acid in the gland. 

It is evident from these experiments that, as Gray and Munson have stated, 
the response of the ACTH secretion to stress comes on with great rapidity, 
and that this burst of secretion continues for about 5 minutes. During this 
period enough ACTH is released to cause, without any further secretion, 
the lowering in 1 hour of the adrenal ascorbic acid to levels found in rats 
with an intact pituitary. It may be calculated from the figures in Table I, A, 
that the half time of this initial burst of ACTH secretion is about 2.5 minutes. 

These experiments, however, do not fully answer the question as to the full 
duration of ACTH secretion after application of a stress. It is known that 
after such a procedure as unilateral adrenalectomy the ascorbic acid content 
of the adrenal declines over a period of at least 4 hours. Brodish and Long (1) 
found that after unilateral adrenalectomy a significant fall in the vitamin C 
content of the remaining gland was evident in 5 minutes and that the level 
continued to decline until the 4th hour, after which it gradually returned to 
the initial level. However, the period for complete restoration of the adrenal 
ascorbic acid level occupied some 24 hours. Similar time relationships of 
the fall and return of the adrenal ascorbic acid level after administration of 
ACTH to the rat were originally reported by Sayers, Sayers, Liang, and 
Long (9). 

It is therefore possible that if the experiment is terminated 1 hour after 
unilateral adrenalectomy a delayed but slower secretion of ACTH may be 
missed. In other words, the initial burst of activity, while sufficient in amount 
to reduce the adrenal ascorbic acid level to the point observed 1 hour later, 
may not be enough by itself to lower the level to that found in rats with a 
pituitary body that is secreting throughout longer periods of observation. 

Consequently, in the experiments reported in Table I, B, the removal of 
the pituitary after unilateral adrenalectomy was delayed until the period of 
initial activity (ca. 5 minutes) had passed. In addition, a period of 2 hours 
was allowed between removal of the adrenals. 

The periods chosen for removal of the pituitary in this series of experiments 
were 15, 30, 45, and 60 minutes after the adrenalectomy. The results obtained 
indicate that there is, in addition to the first rapid discharge of ACTH, a 
more prolonged secretion of this hormone. For example removal of the gland 
at 15 minutes allows only half the depletion of ascorbic acid found in the 
corresponding control animals, removal at 30 minutes only 61°, removal at 
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45 minutes only 73%. It is not until removal of the pituitary is performed 
60 minutes after the unilateral adrenalectomy that no difference from the 
controls is found. This would indicate that the total time of ACTH secretion 
after unilateral adrenalectomy is at least 45 to 60 minutes. Furthermore, it 
would appear that the pattern of secretion is biphasic, consisting of a rapid 
short-acting component and one that develops more slowly but continues 
for a longer period of time. 

A graphic representation of the pattern of ACTH secretion, under the 
conditions used in these experiments, may be obtained by plotting the time 
in seconds during which the pituitary is allowed to act on the adrenals, i.e. 
the time between unilateral adrenalectomy and hypophysectomy, along the 
abscissa, and the reduction in adrenal ascorbic acid response compared to 
that of non-hypophysectomized controls along the ordinate (last column 
Table I). 

100- 


80- 
60~ 
40- 


20- 


Y% REDUCTION IN RESPONSE 











° 400 800 1200 1600 2000 2400 2800 3200 3600 
INTERVAL BETWEEN UNILATERAL ADREX. AND HYPOX. (SECONDS) 
Fic. 1. Effect of hypophysectomy at various intervals after unilateral adrenalectomy 
on the fall in adrenal ascorbic acid of the remaining adrenal. 

Such a plot can be regarded as representing the pattern of ACTH secretion 
since it indicates that interruption of pituitary secretion within 1 minute 
after the stress is applied completely prevents the adrenal response. Since 
a delay of 5 minutes does not prevent a normal response, it might be assumed 
that during this period not only is sufficient ACTH released to give a maximal 
effect on the adrenal ascorbic acid, but also that all the secretory activity 
provoked by the stimulus is completed in this short period of time. 

However, this is apparently not the case, for if the removal of the pituitary 
is delayed for 15, 30, or 45 minutes, an inhibition of the 2 hour response is 
evident. Consequently, it would appear that the secretion of ACTH after 
unilateral adrenalectomy has two phases. The first begins with great rapidity, 
soon reaches a peak, and then declines. This is followed after an interval of 
some minutes by a slow reinitiation of secretion which continues for a much 
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longer period. The duration of this second phase cannot be determined with 
accuracy from these experiments as they were all terminated 2 hours after 
the first adrenalectomy. Since it is known that the adrenal ascorbic acid 
continues to decline for at least another 2 hours, interruption of pituitary 
secretion at even longer periods after the application of the stress may still 
reveal differences in the final adrenal ascorbic acid level between hypophysecto- 
mized and non-hypophysectomized animals. 

A biphasic character of ACTH secretion has been suggested by other in- 
vestigators. McDermott et al. (7) proposed from their studies that a dual 
mechanism consisting of an autonomic and a metabolic phase regulated this 
secretion. Fortier (3) and Fortier et al. (4), from a study of the behavior 
of pituitary transplants and the effect of hypothalamic lesions and stalk 
section, came to essentially similar conclusions. By the use of a cross circula- 
tion technique, Brodish and Long (1) have also observed a biphasic pattern of 
ACTH secretion following unilateral or bilateral adrenalectomy, while 
Sayers (10) has reported that the immediate high level of blood ACTH 
induced by ether in adrenalectomized rats returns to its initial level in about 
30 minutes. 

The experiments reported in this paper confirm earlier work (a) that ACTH 
discharge is rapidly initiated by certain types of stress probably through 
neural and neurohumoral pathways and (6) that in addition there also exists 
a more slowly acting but more prolonged mechanism, probably of an entirely 
humoral character, that may either reinforce and extend the first or, under 
some circumstances, be the only mechanism initiating the secretion. An 
example of the sole operation of the second mechanism is the hypertrophy 
of the remaining adrenal that follows unilateral adrenalectomy in rats with 
a high level section of the spinal cord (Fry and Long (5)). 
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THE DETERMINATION OF GALACTOSE 
IN SMALL AMOUNTS OF BLOOD! 


H. M. CzayJKOWSKA ROBINSON AND J. C. RATHBUN 


Abstract 


A method for the determination of blood galactose in 0.1 ml. samples was 
developed in which the glucose is removed by treatment with yeast. Modified 
dilutions of Somogyi and Nelson reagents are used and the non-fermentable 
sugar is determined colorimetrically at 680 millimicrons. A comparison of three 
protein precipitants led to the choice of tungetic acid. The range covered by 


the method is 6-50 mg. %, corresponding to 2-16 micrograms of galactose 
per sample. 


Introduction 


In an endeavor to establish an accurate microtechnique for clinical use 
in the determination of blood galactose, the colorimetric copper oxidation— 
reduction system of Somogyi and Nelson was chosen. With the modifications 
outlined below, the method is suitable for use with 0.1 ml. of blood. 

Whole blood is first freed of protein, treated with yeast for glucose removal, 
and the non-fermentable sugar is oxidized with Somogyi’s copper reagent 
(14). The resulting cuprous oxide is determined spectrophotometrically 
using Nelson's arsenomolybdate reagent (8) and calculated as galactose. 

Although the usefulness of free enzyme preparations for glucose removal 
has been demonstrated (5, 16), we have chosen to use yeast, which is readily 
available and suitable for clinical use (2, 9, 10, 15, 18). Of several oxidants 
reported for sugar determination, the copper reagent has been shown to be 
most satisfactory by virtue of its greater selectivity for sugar in the presence 
of other biochemical reducing systems (7, 12, 14). The effect of the latter 
was minimized by use of a modified Folin precipitant.* 

Reagents 

All reagents were made up using analytical grade chemicals and distilled 
water. 

A. TIsotonic tungstate solution.—Naz2WO,.2H.0, 10 g.; anhydrous NaeSQO,, 
10 g.; dissolve in water and dilute to 1000 ml. 

B. Isotonic sulphuric acid.—250 ml. of standard 0.66 N H2SO,; anhydrous 
NavSQO,, 10 g.; dissolve in water and dilute to 1000 ml. 

C. Standard galactose solution.—Dissolve 1.0000 g. of d(+)- galactose in 100 
ml. of 0.25% benzoic acid for stock solution. For daily use 1 ml. of stock 
is diluted to 1000 ml., so that 1 ml. corresponds to a 0.1 ml. sample of 
blood in which the galactose level is 30 mg. ¢ 

‘Manuscript received May 27, 1957. 

Contribution from The Paediatric Research Laboratory, War Memorial Children’s Hospital, 
and the Department of Paediatrics, University of Western Ontario, London, Ontario. This 


work was assisted by grants from the Department of National Health and Welfare, Ottawa, 
and administered by the Department of Health of Ontario. 


*The non-sugar reducing substances of unlaked blood are thought to consist mainly of 
creatine, creatinine, and uric acid. The latter, expressed as glucose equivalent, have been 
shown to not exceed about 3 mg. % (6). 
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D. Somogyi reagent.—I. Anhydrous Naz CO;, 24 g.; NaHCO;, 16 g.; 
sodium—potassium tartrate, 12 g.; anhydrous Na2SQO,, 144 g.; dissolve 
in water and dilute to800 ml. II. CuSO,4.5H.O, 4g.; anhydrous Na,SOx, 
36 g.; dissolve in water and dilute to 200 ml. For use, mix I and II in the 
ratio 4:1 respectively. 

E. Nelson reagent.—\. Dissolve 25 g. of (NH4)s6M7Ou.4H2O in 450 ml. 
of water, add 21 ml. of concentrated H2SO,4, mix well, and cool. Add 
3 g. of NasHAsO,.7H.O dissolved in 25 ml. of water. Incubate at 
37° for 48 hours. Cover the bottle with parafilm (Marathon Corp.) 
and store in the dark. II. HeSO, (S.G. 1.84), 41.7 ml., is dissolved in 
water and diluted to 1000 ml. For use, mix I and II in equal volumes. 

F. Yeast suspension.—In a glass mortar, triturate 10 g. of fresh commercial 
yeast (Standard Brands) with a small portion of water to form a thick 
paste. Transfer the mixture to a 100 ml. mixing cylinder with washings, 
dilute it to volume, and shake it till suspension is complete. Transfer 
the suspension to two centrifuge tubes and centrifuge it at 2000 r.p.m. 
for 10 minutes. Discard the supernatant fluid, add about 40 ml. of water 
to each tube, resuspend the yeast, and centrifuge again. Repeat the 
washing procedure until the fluid is clear and colorless (about eight 
times). Drain the tubes in an inverted position for 3 minutes, and make 
up a 20% suspension (w/v) with water. 


Procedure 


Add 0.1 ml. of heparinized blood (2.5 i.u. heparin per 0.5 ml.) to 1.0 ml. of 
isotonic tungstate in a collection tube (13 K 100mm.). Add 0.4 ml. of isotonic 
sulphuric acid and mix well on a Kahn shaker for 10 minutes. Centrifuge 
the mixture for 10 minutes at 1500 r.p.m. 

To three collection tubes add, respectively, (A) 1 ml. of protein-free 
centrifugate; (B) 1 ml. of a glucose standard; (C) 1 ml. of distilled water. 
To each add 1 ml. of yeast suspension and place the tubes on the Kahn shaker 
for exactly 20 minutes. Centrifuge them for 10 minutes (1500 r.p.m.). Then 
add sufficient filter-aid (Johns-Manville ‘‘Super-Cel’’) to cover the yeast 
surface and recentrifuge for 5 minutes. 

Set up four sugar tubes to contain, respectively: 

(a) 1 ml. of centrifugate (A) + 1 ml. of distilled water; 

(6) 1 ml. of centrifugate (B) + 1 ml. of distilled water; 

(c) 1 ml. of standard galactose + 1 ml. of distilled water; 

(d) 1 ml. of centrifugate (C) + 1 ml. of distilled water. 

To all the tubes add 2 ml. of Somogyi reagent and mix well; cover each 
tube with a large marble and place them for exactly 30 minutes in a 
vigorously boiling water bath. Remove the tubes promptly and cool them in 
running water for 6 minutes; remove the marbles and cool the tubes for a 
further 2 minutes. 

Add 2 ml. of Nelson reagent to each tube, mix the contents well, let the 
tubes stand for 5 minutes, and determine the transmission at 680 my 


spectrophotometrically, using (d) as a blank. Tube (c) gives the percentage 
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transmission that is due to the galactose standard; tube (6) should duplicate 
(d), providing a check on the efficiency of the yeast; the reading obtained on 
tube (a) is calculated as galactose in the blood sample. 

Using this technique and varying the concentration of galactose in tube 
(c) from 0 to 50 mg. %, a standard curve is plotted on semilogarithmic paper* 
showing the variation of percentage transmission with galactose concentration 
at 680 my. The galactose value for tube (a) may then be read directly from 
the graph. Similarly, different graphs are constructed for use with other 
dilutions or wavelengths. For example, to extend the range of the method 
to 150 mg. %, read the color, as developed in the above procedure, at 520 my; 
to cover the 150 to 300 mg. % range, dilute the colored sample to 12.5 ml. 
and read at 520 mu. 


Discussion 


In the development of the procedure, over 4000 samples of glucose and 
galactose standards and human blood were analyzed. The pertinent observa- 
tions are discussed here. 


A. Protein Precipitants 

Investigations were primarily directed towards the choice of the most 
suitable protein precipitant. Three reagents were studied: isotonic tungstic 
acid; zinc sulphate — barium hydroxide (Somogyi (13)); copper sulphate - 
sodium tungstate (Somogyi (11)). 


Dilution 

Folin’s tungstic acid precipitant was slightly modified and used in the form 
described under Reagents. It was found that the slight decrease in sodium 
sulphate concentration did not affect the results, giving the same values as 
Folin’s “‘unlaked blood”’ precipitant (3, 4). 

The zinc — barium precipitant was tried in different dilutions to find the 
optimum (See Table I). Dilution 1 yielded insufficient volume of clear 
supernatant for this procedure; dilution 3 gave a too dilute centrifugate; 
dilution 2 was optimum. 


TABLE I 


VARIOUS DILUTIONS OF SOMOGYI ZINC-BARIUM PROTEIN PRECIPITANT* 











Water, Blood, Zinc, Barium, Total, 
No. ml ml. ml, ml. ml. 
1f 1.0 0.1 0.2 0.2 io 
2 1.5 0.1 0.2 0.2 2.0 
3t 2 0.1 0.2 0.2 4.0 





*5%ZnSO,.5H20; 3 N Ba(OH): 

tDilutions suggested by Somogyi (13). 

3 Available from The Coleman Instrument Company. A Coleman Junior Spectrophotom- 
eter was used throughout the course of this work. 
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The copper — tungstate precipitant was similarly studied at various dilutions 
and the optimum was found to be: water, 1.7 ml.; blood, 0.1 ml.; 7% CuSQOx,. 
5H.O, 0.1 ml.; 10% NaeWO,.H.2O, 0.1 ml. 


Studies on pH 

In the case of all the precipitants pH values were recorded for systems with 
and without blood. As shown in Table II, the values are always lower for 
the water blanks, probably because of the absence of the blood buffers. Using 
aliquots of the same blood sample, the tungstic acid and copper-—tungstate 
procedures resulted in similar values for glucose. The zinc—barium precipitant 
invariably produced low results (Table III). 


TABLE II 


THE VARIATION OF pH WITH DIFFERENT PROTEIN 
PRECIPITANTS IN WATER AND IN BLOOD 








Precipitant pH water blank pH blood 








Tungstic acid 2.4 3.8 

Zinc—barium 6.3 7.0 

Copper-—tungstate 5.9 6.5 
TABLE III 


COMPARISON OF GLUCOSE VALUES IN SAME BLOOD SAMPLES 
USING DIFFERENT PROTEIN PRECIPITANTS* 




















Glucose in mg. % 
Adult No. Tungstic acid Zinc-barium Copper-—tungstate 
1 85 64 84 
2 93 69 93 
3 94 71 92 
4 83 62 82 
5 91 63 90 
6 84 60 88 





*Normal adult blood used. The effect of the various precipitants on recovery of glucose 
from blood, or from standard sugar solutions, is used as a convenient means of comparison. 


In order to check whether there was any specific influence on sugar recovery 
by any of the protein precipitants, standard glucose solutions were subjected 
to the full procedure varying only the precipitant. At the same time, by 
running a large number of blanks, the effect of the precipitants on the 
Somogyi and Nelson reagents themselves was studied. The latter appeared 
to be negligible. With the glucose standards, however, both the tungstic 
acid and zinc-barium systems gave incomplete recovery of sugar, while the 
copper-—tungstate reagent yielded the expected values. 

Considering the pH variations shown in Table II, it is seen that this is 
particularly large in the case of the tungstic acid. The pH of the tungstic 
acid — glucose standard mixture was similarly found to be much lower (2.4) 





as 
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than that of the corresponding tungstic acid — blood system (3.8). When 
the pH was artificially increased to approximate the latter value, full recovery 
of glucose was obtained. The practical working limits appear to be from pH 
3 to 4.4; lower values may give incomplete sugar recovery, while higher values 
will not give satisfactory protein removal from blood (Table IV). 


TABLE IV 


THE EFFECT OF pH ON GLUCOSE RECOVERY USING TUNGSTIC 
ACID PRECIPITANT ON STANDARD SOLUTIONS AND ON BLOOD 








Glucose found (mg. %) Glucose found (mg. %) 








pH in 100 mg. % standard in normal adult blood 
2.4 80 90 

3.0 100 90 

3.8 100 92 

4.4 100 88 

3.9 100 cloudy 





Concentration of Reagents 

In the case of the zinc—barium system, the discrepancy in glucose recovery 
was found to be dependent on the equivalence of the barium hydroxide and 
zinc sulphate solutions. As indicated in Table V, significant variations in 
glucose values may occur when the solutions are not in balance. 


TABLE V 
VARIATION OF GLUCOSE VALUES IN STANDARD SOLUTIONS AND IN BLOOD 
USING VARYING CONCENTRATIONS OF ZINC SULPHATE AND BARIUM HYDROXIDE 
AS PROTEIN PRECIPITANT 











Glucose found Glucose found 
(mg. ©) in (mg. %) in 
Condition 100 mg. © standard normal adult blood 
Excess of zinc sulphate* 86 66 
Zinc equivalent to bariumt 86 68 
Excess of barium hydroxidet 103 92 





*5% ZnSO,, 0.22 ml.; 3 N Ba(OH)s, 0.18 ml. 
+5% ZnSO,, 0.2. ml.; 3 N Ba(OH)s, 0.2) ml. 
t5°> ZnSO,, 0.18 ml.; 3 N Ba(OH)s, 0.22 ml. 





It was found that the barium hydroxide solution, even under the most 
careful storage conditions (use of soda-lime tubes, etc.), will slowly change in 
concentration; this necessitates the inconvenience of regular titrations to 
establish the equivalence. 

Further, when zinc and barium are added in equivalent amounts, as is 
the recommended procedure, certain blood substances tend to neutralize the 
barium hydroxide, creating an excess of zinc. The latter, as pointed out by 
Nelson (8), will lead to significant reoxidation of the cuprous oxide, which 
will appear as low glucose values. This is a possible explanation of the 
well-known fact that the zinc-barium protein precipitant always gives lower 
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blood sugar values than tungstic acid or copper-tungstate systems. Based 
upon these considerations, the barium hydroxide —zinc sulphate method 
was discarded. 

To complete the investigation of protein precipitants, the copper—tungstate 
reagent was studied. The data of Table VI show that equivalence of the 
solutions is not so critical in this case. 

TABLE VI 
VARIATION OF GLUCOSE VALUES IN STANDARD SOLUTIONS AND IN BLOOD 


USING VARYING CONCENTRATIONS OF COPPER SULPHATE AND 
SODIUM TUNGSTATE AS PROTEIN PRECIPITANT 











Glucose found Glucose found 
(mg. %) in (mg. %) in 
Condition 100 mg. % standard normal adult blood 
Excess copper sulphate* 101 101 
Copper and tungstate as recommendedt 100 99 
Excess of tungstatef 100 101 





*7% CuSO,, 0.12 ml.; 10% NazWO,, 0.08 ml. 
+7% CuSO, 0.1 ml.; 10% Na2WO,, 0.1_ ml. (Somogyi (11)). 
17% CuSO,, 0.08 ml.; 10% Na2WO,, 0.12 ml. 


Clearly the tungstic acid and the copper—tungstate systems are comparable. 
As shown above, the former is pH sensitive, but only over a wide range. 
Further, using the above-mentioned procedure with blood, the pH of the 
samples always falls well within the limits of this range. At the same time, 
the tungstic acid method provides an optimum volume of clear centrifugate 
with less dilution than does the copper—tungstate. On the latter basis the 
use of the tungstic acid method is preferable. 


B. Fermentation 

Addition of yeast, for fermentation of glucose, may be made to whole blood 
and the yeast later precipitated together with the native proteins, or, 
addition may be made to blood previously freed of protein and the yeast 
subsequently removed by centrifugation. Somogyi has shown (10, 17) 
that yeast treated with certain protein precipitants may release non-sugar 
reducing substances to the filtrate. For this reason fermentation was carried 
out on protein-free blood extracts. 

Use was made of a mechanical shaker during the fermentation, both to 
mechanize the procedure and to assure easy reproducibility of time and in- 
tensity of shaking. The Kahn shaker, commonly available in clinical 
laboratories, proved very satisfactory in this respect. 

It is well to point out here the inadvisability of using blood preservatives, 
such as sodium fluoride. Protein precipitants suitable for glucose determina- 
tion and containing such chemicals are quite likely to introduce errors when 
fermentation is necessary. The data of Table VII indicate the complete 
and permanent removal of glucose in the absence of sodium fluoride, and its 
incomplete and impermanent ‘removal’’ when fluoride is present. The 
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fluoride was originally added as a preservative in the isotonic tungstate 
solution. The data of Table VII show, also, that the minimal fermentation 
time is 20 minutes, and that longer fermentation is unnecessary. Heparin, 
in the amount indicated in the Procedure, does not appear to interfere. 


TABLE VII 


EFFECT OF SHAKING TIME AND SODIUM FLUORIDE 
ON GLUCOSE REMOVAL* 








Glucose found, mg. % 





Shaking time, 





minutes NaF absent NaF present 
0.5 9 74 
2 8 24 
= 6 2 
10 3 + 
20 0 6 
30 0 10 
40 0 15 
60 0 a2 





*Normal adult blood containing about 100 mg. % of glucose was 
subjected to the entire procedure, the fermentation time being 
varied and tungstic acid being used with and without sodium 
fluoride. 


C. Reagents 

The galactose level of normal adult blood is thought to be 0-10 mg. “. 
Thus, for regular determination, the method should be sensitive in the 0-50, 
mg. % range, while for galactosemic blood and for galactose tolerance tests, 
the limits of the method must be increased to 300 mg. “. This increase 
has been achieved by increasing the final dilutions and reading at a less sen- 
sitive wavelength on the spectrophotometer. When the analysis is performed 
according to this procedure, the weight of sugar in the analytical fraction 
of the extract is very small, e.g., 2 wg. of sugar represents 6 mg. “6 in the blood, 
and 16.6 wg. represent 50 mg. “%. 

The Somogyi copper reagent of 1945 (12) was found to be almost insensitive 
to these small quantities, while Somogyi’s later formula of 1952 (14) proved 
satisfactory. Stable and reproducible results were obtained. Investigation 
of heating time (Table VIII) showed the optimum to be 30 minutes, rather 
than the 20 minutes used by Somogyi in his work. 


TABLE VIII 
EFFECT OF HEATING TIME ON GALACTOSE VALUES* 


Galactose found, 


Time, minutes mg. “o Standard deviation 
10 51 2.4 
20 66 2.8 
30 75 1.4 
40 72 1.7 
50 69 a2 
68 2.7 


60 





*Standard galactose solution (75 mg. ©) was used. 
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To avoid unnecessary coloration of the Nelson arsenomolybdate reagent, 
various dilutions were tried and it was found that dilution with an equal volume 
of 1.5 N H.SO, gives satisfactory results up to 300 mg. % of galactose. The 
color develops immediately and is subsequently stable (Table IX). 


TABLE IX 


EFFECT OF TIME ON STABILITY OF COLOR 














Time, minutes Transmission, % (at 680 mp) 
1 70.5 
2 69.5 
4 69.5 
10 69.5 
20 69.5 
30 69.5 





The Coleman Junior Spectrophotometer is known to exhibit an inherent 
“effective instrument error’? at very high and very low transmittance (1). 
The dilutions of this procedure, as described, are such that the transmittance 
readings lie within the accurate range of the instrument. 

Table X illustrates the sensitivity of the method, showing recovery of 
galactose added to blood. Blood samples from galactose tolerance tests 
showed the normal expected rise at the 1 hour interval after a test dose 
of galactose. 


TABLE X 


THE RECOVERY OF GALACTOSE 














Galactose added Galactose 
Galactose found in to blood, recovered, 
blood, mg. % mg. % mg. % 
(1) 0 6 s, © 
1 9 10, 7 
1 15 13, 17 
1 30 34, 30 
3 60 59, 66 
(2) 3 1.75 g./kg. 100* 
6 Orally 120* 





*60 minutes after test dose. 


Acknowledgments 


The authors are indebted to the staff of the War Memorial Children’s 
Hospital for voluntary blood donations, to Standard Brands Ltd. for generous 
samples of yeast, and to Dr. J. R. Robinson for technical advice. 


—_ 





COON AME Wr 


. NELson, N. 


M. 
M. 
M. 


. COLEMAN INSTRUMENTS INC. 
photometer. 
. Dawson, E. R. Biochem. J. 26, 531 (1932). 
. Fottn O. and SvEDBERG, A. J. Biol. Chem. 88, 85 (1930), 

Fo.ttn, O. New England J. Med. 206, 727 (1932). 

Froesu, E. R., RENOLD, A. E., and McWituiams, N. B. Diabetes, 5, 1 (1956). 
HILLer, A., LInDER, G. C., and VAN SLykE, D. D. J. Biol. Chem. 64, 625 (1925). 
Heyrovsky, A. Casopis lékaru éeskych, 89, 819 (1950). 

J. Biol. Chem. 153, 375 (1944). 
. Raymonp, A. L. and BLAnco, J. G. 
. Somocy1, M. 
. Somocy!, M. 
. SOMOGYI, 
. SOMOGYI, 
. SOMOGYI, 
. Somocy!, M. 


Bull. D-17 


J. Biol. Chem 
J. Biol. Chem 
J. Biol. Chem 
J. Biol. Chem 
J. Biol. Chem 
P 


roc. Soc. Exptl. Biol. Med. 24, 320 (1926-27). 
. TunGstrup, N., WINKLER, K., Lunp, E., and ENGELL, H. C. Scand. J. Clin. & Lab. 


Invest. 6, 43 (1954). 


. WERTHEIMER, E. 


. VAN SLYKE, D. D. and Hawkxtns, J. A. 
Protoplasma, 21, 522 (1934). 








ROBINSON AND RATHBUN: GALACTOSE IN BLOOD 


References 


4. 1952. p. 40. 


. 75, 33 (1927). 

. 90, 725 (1931). 
. 160, 61 (1945). 
. 160, 69 (1945). 
| 195, 19, (1952). 


Operating directions for the Coleman junior spectro- 


J. Biol. Chem, 79, 649 (1928). 


J. Biol. Chem. 83, 51 (1929). 








j 
q 
ie 





945 


BIOSYNTHESIS OF LECITHIN IN BRAIN AND DEGENERATING 
NERVE. PARTICIPATION OF CYTIDINE DIPHOSPHATE 
CHOLINE! 


R. J. Rossiter, I. M. McLeop, Anp K. P. STRICKLAND? 


Abstract 


The radioactivity of cytidine diphosphate choline labelled with P® (CMP- 
P®Ch) was incorporated in vitro into the phosphatides of both hypotonic 
homogenates of rat brain and mitochondria prepared from isotonic sucrose 
homogenates. With both preparations the incorporation was increased by 
addition of D-a,8-diglycerides prepared enzymatically from naturally-occurring 
lecithins. 

Hydrolysis of the labelled phosphatides, followed by separation of the 
hydrolysis products by two- dimensional paper chromatography, indicated that 
most of the radioactivity was in lecithin (phosphatidyl choline). Only traces 
of activity were present in phosphatidyl ethanolamine and pa serine. 
There was also some radioactivity in an alkali-stable fraction that was designated 
‘sphingomyelin’. 

These findings are consistent with the view that the phosphatides of brain are 
formed in situ from smaller molecules and that the metabolic pathways 
for their formation are similar to those postulated by Kennedy and colleagues 
for the biosynthesis of — itides in chicken liver. 

The radioactivity of CMP-P#Ch also was incorporated into the phosphatides 
of homogenates of rat sciatic nerve. This incorporation was greater in homo- 
genates prepared from nerves removed 13 days after previous section. It is 
suggested that these and other increases found in the in vitro labelling of 
phosphatides in nerves degenerating after previous section, reported elsewhere, 
represent an increase in the potentiality of the nerve for remyelination. These 
increases are associated with the increase in the number of Schwann cells in 
the nerve. 


Introduction 


Previously McMurray, Strickland, Berry, and Rossiter (17) showed that 
P*-labelled phosphorylcholine (P*®Ch) was incorporated into the lecithin 
of phosphorylating mitochondria and glycolyzing water homogenates prepared 
from rat brain. Cytidine triphosphate (CTP), alone of all nucleoside 
triphosphates tested, was necessary for the incorporation, suggesting that 
cytidine diphosphate choline, shown by Kennedy and Weiss (11) to be an 
intermediate in the synthesis of lecithin in liver tissue, is also involved in the 
formation of the lecithin in brain. 

Largely as a result of the work of Kennedy (9, 11), much is known of the 
metabolic pathways whereby lecithin is formed. These pathways were 
worked out using, for the most part, enzymes prepared from liver. In 
comparison to chicken liver, adult rat brain and peripheral nerve are rather 
poor sources of the enzymes concerned with the synthesis of lecithin. 
However, the incorporation of P®Ch into the lecithin of brain preparations 
(17) indicates that brain tissue contains many of the enzymes necessary for 
the synthesis of lecithin. 


‘Manuscript received June 5, 1957. 

Contribution from the Department of Biochemistry, University of Western Ontario, 
London, Ontario. This work was supported by grants from the National Research Council 
of Canada and the National Mental Health Grants Administration. 

*Studies carried out during the tenure of a Lederle Medical Faculty Award. 
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In the present paper it is shown that the radioactivity of P®-labelled cytidine 
diphosphate choline (CMP-P®Ch) is incorporated into the lecithin of brain 
and nerve preparations. Furthermore, the incorporation is stimulated by 
the addition of D-a,8-diglycerides, indicating that in brain the final stage 
in the biosynthesis of lecithin is similar to that described by Kennedy and 
Weiss (11) for liver, i.e. the transfer of P®Ch from CMP-P®Ch to a D-a,B-di- 
glyceride acceptor. 

Another finding of some interest is that in homogenates prepared from 
rat sciatic nerves degenerating after previous section, the incorporation of 
the radioactivity of CMP-P®Ch into lecithin is considerably enhanced. 


Methods 


Homogenates 


Homogenates of rat brain prepared in distilled water at 0° C. were incubated 
in Warburg flasks at 37.5° C. for 70 minutes in an atmosphere of nitrogen. 
Details of the preparation of the homogenates and of the incubation medium 


have already been given (16). 


Mitochondria 

Mitochondria obtained from homogenates of rat brain prepared in 0.25 M 
sucrose were incubated as described for the homogenates, with the exception 
that the nitrogen in the gas phase was replaced with oxygen. Details of the 
preparation of the mitochondria and of the incubation medium have also 
been given (15). 


Analytical Procedures 

At the end of the incubation period the reaction was stopped by the 
addition of 2 ml. 20% (w/v) trichloroacetic acid. Contaminating acid-soluble 
phosphorus compounds were removed and the lipids were extracted for the 
determination of specific radioactivity as described previously (25). 

In some experiments several samples were pooled and portions of the lipid 
extract, representing approximately 150 mg. original brain tissue, were 
hydrolyzed and the water-soluble products of the hydrolysis were separated 
by two-dimensional paper chromatography using phenol/NH; and tert- 
butanol/trichloroacetic acid solvents as described by Dawson (3). In this 
way it was possible to separate glycerylphosphorylcholine (GPC), glyceryl- 
phosphorylethanolamine (GPE), and glycerylphosphorylserine (GPS). The 
material was eluted from each of these three spots and the specific activities 
were determined as described for lipid P. 

According to Dawson (3), the GPC, GPE, and GPS are derived, respectively, 
from lecithin (phosphatidyl choline), phosphatidyl ethanolamine, and 
phosphatidyl serine. The spots were located by radioautography or by 
spraying the chromatograms either with the phosphorus reagent of Hanes 
and Isherwood (8) or with ninhydrin reagent. The spots containing GPC 
and GPE were identified by comparison of their Ry values with those of 
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authentic compounds. Acid hydrolysis of GPC, GPE, and GPS yielded, 
respectively, choline, ethanolamine, and serine, which were identified 
chromatographically. 

In some experiments the labelled lipid was hydrolyzed in N KOH at 37° C. 
for 18 hours. At the end of this time the alkali was neutralized with HCl 
and the solution was made 5% with respect to trichloroacetic acid. The 
precipitate was centrifuged and washed twice with 5% trichloroacetic acid. 
The specific radioactivity of the precipitate was then determined as 
described for lipid P. According to Schmidt, Benotti, Hershman, and 
Thannhauser (22), monoaminophosphatides, such as the glycerophosphatides, 
are completely hydrolyzed under these conditions, whereas diaminophos- 
phatides, such as sphingomyelin, are not hydrolyzed and remain acid-insoluble. 


P*®-labelled Cytidine Diphosphate Choline 

P®Ch was prepared by the method of Riley (19) as described previously 
(17). The P®Ch had the theoretical N:P ratio of unity and a specific activity 
of 1.5 X 10‘ counts per min. per wg. P. From this P®Ch, CMP-P®Ch was 
prepared by the method of Kennedy (10), which employs the dicyclohexyl- 
carbodiimide reagent successfully used by Khorana (12) for the synthesis of 
nucleotides. The CMP-P®Ch eluted from the Dowex 1 column had the 
theoretical cytidine:P ratio of 1:2 and the theoretical specific activity of 
0.75 X 10* counts per min. per yg. P. 
D-a,B-diglycerides 

Two samples of D-a,8-diglyceride were prepared enzymatically from each 
of two different preparations of L-a-lecithin. One lecithin preparation was 
obtained from ox spinal cord* by the method of Pangborn (18). The other 
was a commercial preparation of egg lecithin purified by passage over an 
alumina column as described by Hanahan, Turner, and Jayko (6). The 
D-a,B8-diglycerides were prepared from these samples of lecithin by the 
method of Hanahan and Vercamer (7), using the enzyme lecithinase D 
obtained from Clostridium perfringens. 


Reagents 

The GPC was a gift from Dr. C.S. McArthur, Department of Biochemistry, 
University of Saskatchewan, and the GPE was a gift from Dr. E. Baer, Banting 
and Best Department of Medical Research, University of Toronto. Other 
reagents were obtained commercially. 


Results 
Rat Brain Homogenates 
Table I shows that the radioactivity of CMP-P®Ch was incorporated into 
the phosphatides of a rat brain homogenate. The table also shows that the 
incorporation was stimulated by the addition of D-a,8-diglyceride prepared 
either from spinal cord lecithin or egg lecithin. 


*Extract of spinal cord kindly provided by Dr. K. K. Carroll, Department of Medical 
Research, University of Western Ontario. 

+Kindly supplied by the Lederle Laboratories Division, American Cyanamid Company, 
Pearl River, New York. 
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Previously it had been shown that, in the presence of added CTP, P®Ch 
was incorporated into the phosphatide of glycolyzing water homogenates of 
rat brain (17). In these P®Ch experiments it was found that the addition of 
either synthetic or natural D-@,8-diglycerides did not stimulate the incorpora- 
tion. The fact that D-a,8-diglycerides are only sparingly soluble in water 
presents a problem. In the experiments with P®Ch and in the present 
experiments with CMP-P®Ch, reported in Table I, the diglycerides were 
emulsified in bovine serum albumin (final concentration, 0.02%). 

Table II shows the results of an experiment in which serum albumin (0.02%) 
and ‘“‘Tween 20” (0.025%), used by Kennedy and Weiss (11), were compared 
as emulsifying agents. It can be seen that the percentage stimulation 
brought about by the addition of D-a,@-diglyceride prepared from egg 
lecithin was greater when the diglyceride was emulsified in 0.025% 
“‘Tween 20’. Greater concentrations of ‘‘Tween 20’ were found to be 
inhibitory to the brain system. 


TABLE I 


INCORPORATION OF RADIOACTIVITY OF CMP-P®-CHOLINE 
INTO THE PHOSPHATIDES OF A RAT BRAIN HOMOGENATE 








Specific activity 
(counts/min./yg. P) 





Control* 34.1 
D-a,B-diglyceride from spinal 
cord lecithin (2 micromoles) 43.9 


D-a,8-diglyceride from egg 
lecithin (2 micromoles) 42.5 





*Conditions as described previously (16). Homogenate con- 
tained 100 mg. brain tissue, 2 micromoles CMP-P#Ch in final 
volume of 3 ml. Final concentration of serum albumin, 0.02%. 


TABLE II 


INCORPORATION OF RADIOACTIVITY OF CMP-P®-CHOLINE INTO THE 
PHOSPHATIDES OF RAT BRAIN HOMOGENATES AND MITOCHONDRIA 














Specific activity (counts/min./pug.P) 


Serum albumin “Tween 20” 
(0.02%) (0.025%) 

Control homogenate* 33.7 35.0 
Homogenate plus D-a,@-diglyceride 

from egg lecithin (1 micromole) 44.0 54.8 
Control mitochondriat 56.2 48.6 
Mitochondria plus D-a,6-diglyceride 

from egg lecithin (1 micromole) 61.1 81.0 





*Conditions as described previously (16). _Homogenate contained 50 mg. brain tissue and 
0.5 micromole CMP-P#Ch in a final volume of 1.5 ml. 

¢+Conditions as described previously (15). Mitochondria from 118 mg. brain tissue and 
0.5 micromole CMP-P®#Ch in a final volume of 1.5 ml. 
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Rat Brain Mitochondria 

It can be seen from Table II that the radioactivity of CMP-P®Ch also was 
incorporated into the phosphatides of rat brain mitochondria. As reported 
for the homogenates, the incorporation was stimulated by the addition of 
D-a,8-diglyceride from egg lecithin. Also as reported for the homogenates, 
the incorporation was greater when ‘‘Tween 20” (0.025%) rather than serum 
albumin (0.02%) was the emulsifying agent. 


Individual Phosphatides 

The labelled phosphatides obtained in the experiment reported in Table I 
were hydrolyzed and the hydrolysis products were separated by the method 
of Dawson (3). Table III shows that the specific radioactivity of GPC (from 
lecithin) was very much greater than that of either GPE (from phosphatidyl] 
ethanolamine) or GPS (from phosphatidyl serine). Further, the stimulation 
brought about by the addition of D-a@,8-diglyceride (from spinal cord lecithin) 
was confined to the GPC fraction. 

Table III shows also that in a rat brain homogenate the fraction designated 
‘sphingomyelin’ was labelled from CMP-P®Ch. This fraction was stable 
to the Schmidt-Thannhauser (22) alkaline hydrolysis procedure. The 
presence in this fraction of a phosphosphingolipid that does not contain 
choline, as has been indicated recently by Schmidt and Spencer (23), would 
require the revision upward of the specific activity of sphingomyelin. 


TABLE III 


INCORPORATION OF RADIOACTIVITY OF CMP-P®-CHOLINE INTO THE 
INDIVIDUAL PHOSPHATIDES OF A RAT BRAIN HOMOGENATE* 








Specific activity (counts/min./pg. P) 





D-a,B-diglyceride from 
spinal cord lecithin 





Control (2 micromoles) 
Total phosphatide 34.1 43.9 
GPC (from lecithin) rt 102 
GPE (from phosphatidyl ethanolamine) a9 2.1 
GPS (from phosphatidyl serine) 1.0 2.2 
‘Sphingomyelin’ 6.5 — 





*Conditions as described in Table I. 


Homogenates of Normal and Degenerating Rat Sciatic Nerves 

Table IV shows that the radioactivity of CMP-P®Ch also was incorporated 
into the phosphatide fraction of homogenates prepared from rat sciatic nerves. 
With the nerve homogenates, the specific activity of the total phosphatide 
was considerably less than that found for rat brain homogenates (Tables I 
and II). However, when the homogenates were prepared from nerves 
degenerating 13 days after section, the specific activity of the total phosphatide 
was considerably greater than that observed for homogenates prepared from 
intact control nerves. 
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Table IV indicates also the degree of reproducibility to be expected in 
experiments of this type. 
TABLE IV 


INCORPORATION OF RADIOACTIVITY OF CMP-P®-CHOLINE 
INTO THE PHOSPHATIDES OF HOMOGENATES OF NORMAL 
AND DEGENERATING RAT SCIATIC NERVES* 








Specific activity (counts/min./ug. P) 


Degenerating nerves 








Normal nerves (13 days after section) 
4.2 19.5 
2.4 14.0 
Ie .1 
Te 16.8 
Mean 2.8 16.4 





*Conditions as described in Table II. Homogenate contained 
30 mg. nerve and 0.5 micromole CMP-P#Ch in a final volume 
of 1 ml. 


Discussion 


The results presented here demonstrate that the radioactivity of 
CMP-P#Ch is incorporated into the phosphatides of homogenates of rat 
brain and sciatic nerve. The phosphatides of isolated rat brain mitochondria 
are similarly labelled. Examination of the hydrolysis products of the labelled 
phosphatides revealed that most of the radioactivity was in lecithin, with 
negligible amounts in phosphatidyl! choline and phosphatidy! serine. 

The finding that in both homogenates and mitochondria the labelling of 
lecithin was increased by the addition of D-a,8-diglyceride indicates that, 
as found by Kennedy and Weiss (11) for liver, the final stage in the 
P*-labelling of lecithin in brain and nerve is: 

CMP-P#Ch + D-a,B-diglyceride —— lecithin-P® + CMP. 
The enzyme catalyzing this reaction has been called PCh-glyceride 
transferase by Kennedy and Weiss (11). 

There was some radioactivity in the fraction designated ‘sphingomyelin’. 
This suggests that, in brain, CMP-P®Ch is also an intermediate in the labelling 
of sphingomyelin. Recently Sribney and Kennedy (24) showed that chicken 
liver contains an enzyme that catalyzes the formation of sphingomyelin by a 
reaction between cytidine diphosphate choline and N-acyl sphingosine 
(ceramide). In the interpretation of the results obtained for the brain 
‘sphingomyelin’ fraction, it should be remembered that work from a number 
of laboratories has demonstrated the presence in this alkali-stable fraction 
of some phosphatide that does not contain choline (2, 4, 23, 26). 

These results, taken in conjunction with previous findings that in slices of 
rat brain and fragments of cat sciatic nerve the phosphatides are Jabelled 
in vitro from a wide variety of C'*- and P®-labelled precursors (20, 21), may 
be put forward as evidence that, in both brain and nerve, phosphatides are 
formed in situ from smaller molecules. 





ROSSITER ET AL.: BIOSYNTHESIS OF LECITHIN 951 


The greater labelling of the phosphatide in sciatic nerves degenerating after 
section is of some interest. The electron-microscopic evidence of Geren (5) 
indicates that the layers of myelin that go to make up the myelin sheath of 
a peripheral nerve are formed by the Schwann cells. The population of 
these cells is greatly increased in a nerve degenerating after section (1), which 
is reflected by the greater concentration of nucleic acids that has been observed 
in degenerating nerve of both the cat (13) and the rat (14). 

Recently Rossiter, Pritchard, and Strickland (21) showed that when 
fragments of cat sciatic nerve degenerating after section were incubated 
in vitro with labelled precursors such as inorganic P*®, acetate-1-C', glycerol-1- 
C™" choline-1,2-C', ethanolamine-1,2-C", or serine-3-C', the specific activity 
of the phosphatide in the degenerating nerve was considerably greater than 
that in intact control nerve. A similar situation appears to exist for the in- 
corporation of the radioactivity of CMP-P®#Ch into the phosphatide of 
homogenates of the sciatic nerve of the rat. This increase in the incorporation 
of labelled precursors into the phosphatides of degenerating nerve is associated 
with an increase in the number of Schwann cells. We suggest that it 
represents an increase in the potentiality of the nerve for remyelination. 
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THE TREATMENT OF DIABETES MELLITUS WITH ORAL 
TOLBUTAMIDE! 


ALLEN GOLD 


Abstract 


Experience in the treatment of 76 diabetic patients with tolbutamide is 
described. In 25 patients the drug was discontinued after trials of from 1 week 
to several months because of poor diabetic control. These treatment failures 
could be divided into: Group A, completely unresponsive to tolbutamide; 
Group B, showing hypoglycemic response in the presence of exogenous insulin 
only; and Group C, responsive in the absence of added insulin, but response 
inadequate for proper diabetic control. 

Fifty-one patients who would otherwise have needed insulin were considered 
adequately controlled on diet and tolbutamide, 1.0 to 3.0 g. daily. No toxic 
effects were observed. Patients who responded to the drug had a higher mean 
age, a shorter duration of diabetes, and a lower mean insulin dose. Many 
exceptions to these individual criteria occurred. 

It is the author’s opinion that oral tolbutamide is established as an adequate 
replacement for insulin injections in a large proportion of diabetics in the older 
age group. 


The experimental and clinical studies of the hypoglycemic sulphonylureas 
have been extensively reviewed recently in special issues of various journals 
(2, 3, 4, 7) and were also discussed in a symposium at the last meeting of the 
American Diabetes Association (1). Despite this plethora of interest in the 


subject in the past 2 years, many of the problems in the clinical use of tolbuta- 
mide remain unsolved. 


Briefly one can summarize available information as follows: tolbutamide 
(1-butyl-3-p-tolylsulphonylurea) lowers the blood glucose levels of normal 
animals and men and of partially depancreatized animals, as well as of some 
diabetic patients. In the dose range required for this hypoglycemic effect 
in man, 0.5 g. to 3.0 g. daily, it is a relatively safe drug; any reactions reported 
to date have been minor and not dangerous. The mechanism of action 
appears to be mainly on the release of insulin from the pancreas (6), and 
secondly on insulinase in liver and possibly in other tissues (8). Earlier 
writers have emphasized the lack of any hypoglycemic effect in most juvenile 
diabetics, and in the presence of ketosis. 

We undertook to study the effects of tolbutamide in a group of patients 
at Queen Mary Veterans’ Hospital. In addition to assessment of the degree 
of control of glycosuria and hyperglycemia, studies were undertaken of (1) 
thyroid function by means of radioactive iodine uptake, (2) liver function as 
measured by serum protein pattern and bromsulphthalein excretion, (3) 
kidney function as measured by serial blood urea determinations and uri- 
nalyses, and (4) routine hematological studies. The effects other than on 
diabetic control will be reported separately in detail. It may be sufficient 
to state briefly that no significant toxic effects were detected. 

'1Manuscript received July 9, 1957. 

Contribution from Queen Mary Veterans’ Hospital, Montreal, Que. 
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Choice of Patients 


From October 1, 1956, to May 1, 1957, 76 patients were given a therapeutic 
trial of tolbutamide. For the most part patients for this study were chosen 
from the older veteran group where instruction in self-administration of 
insulin is often a real problem. After some experience was gained with the 
early-hospitalized patients, out-patients were also included in the study. 
Because of the population we were dealing with, most of our patients were 
men. 

In 16 patients insulin had not been given in the period immediately before 
the trial of tolbutamide but it was considered that its use was indicated in 
the light of the patients’ condition, and ordinarily it would have been pre- 
scribed instead of the clinical test of the hypoglycemic action of tolbutamide. 
In the remaining 60 patients insulin had formed part of the therapeutic 
regime. Where the daily maintenance dose was less than 30 units it was 
withdrawn abruptly and the patient was observed for several days before 
the drug was given. In several instances tolbutamide was not given because 
the blood glucose levels remained satisfactory on diet alone. Where the 
daily dose was more than 30 units this was reduced in steps of 10 units every 
second day as long as the blood and urine glucose analyses indicated satis- 
factory diabetic control. 


Criteria of Assessment 


The response of the patients to the drug was graded empirically according 
to the blood and urine glucose tests as shown in Table I. 


TABLE I 
CRITERIA FOR ASSESSMENT OF DIABETIC CONTROL 


Blood glucose, mg. per 100 ml. 
ee oe = Urine glucose, 


Fasting 150 min. after bkfst. g./24 hr. 
Excellent Less than 150 Less than 200 0 
Good Less than 175 Less than 225 0-5 
Fair Less than 225 Less than 250 0 -10 
Unsatisfactory Over 225 Over 250 More than 10 





Treatment Failures 


In 25 of the 76 patients studied, treatment was abandoned after trials of 
from 1 week to 3 months because of unsatisfactory control of their diabetes. 
These 25 patients, considered as treatment failures, can be further subdivided 
into three groups: 

Group A. No hypoglycemic effect of tolbutamide even when it was added 
to insulin and diet; 14 patients. 

Group B. Definite hypoglycemic effect while insulin was still administered 
by injection, but none when insulin was withdrawn, i.e., an insulin augmenting 
effect; six patients, 








GOLD: DIABETES MELLITUS 955 


Group C. Definite hypoglycemic effect even when insulin was completely 
withdrawn but this effect considered inadequate for even fair diabetic control; 
five patients. 

Table II summarizes the data on age, duration of diabetes, and insulin 
dose of the three groups of treatment failures in comparison with those patients 
considered to be adequately controlled on drug treatment. 


TABLE II 


COMPARISON OF TREATMENT FAILURES WITH PATIENTS SUCCESSFULLY TREATED WITH 
TOLBUTAMIDE 





Duration* of _ Insulin dose, 











Name Age, years diabetes, years units Body typet 
Group A 
E.A. 62 10 25 A 
T.G.A. 36 7 50 M 
M.B. 35 1 40 M 
F.B. 41 10 55 M 
iA. 71 3 0 O 
A. 57 9 80 M 
= 59 2 0 O 
W.R. 43 1 0 O 
P.R. 45 1 40 M 
3). 43 8 80 M 
H.H. 54 10 50 O 
.. 74 1 60 M 
D.F. 76 10 60 M 
A.O. 48 10 33 M 
Mean a .7 6.2 41.0 
Group B 
R.H. 56 4 27 M 
cae 43 3 30 M 
wY. 42 11 33 A 
E.S. 61 15 70 M 
H.M. 47 10 60 A 
J.F.A. 64 19 40 M 
Mean Se 10.3 43.3 
Group C 
ie 63 7 45 O 
E.W. 66 28 80 M 
E.F. 34 1 24 A 
R.P. 58 4 30 O 
J 2 40 10 160 O 
Mean ie 9.6 67.8 
All failures 
Mean 52.3 8.0 46.7 
All successfully treated 
Mean 63.6 5.75 22.4 


*One year tabulated as minimum duration. 
tM=+ 10% deviation from ideal body weight. O=Wt. more than 10% above ideal. 
A=Wt. less than 90% of ideal wt. 
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It is apparent from inspection of Table II that the patients who obtained 
a satisfactory hypoglycemic response were on the average older, their diabetes 
of shorter duration, and their insulin requirement less than in the treatment 
failures. Within the group of treatment failures no pattern of significance 
emerges which serves to differentiate those patients who display no response 
at all (Group A) from those who show some hypoglycemic effect either with 
(Group B) or without (Group C) exogenous insulin. 

Several of the patients listed as treatment failures deserve individual 
consideration. 

T.C., age 74, was under treatment with prednisone, 40 mg. daily, for a 
severe thrombocytopenic hemorrhagic diathesis associated with myeloscle- 
rosis, when he was discovered to have glycosuria of over 5 g. per 100 ml. and 
blood sugar values of 285 mg. per 100 ml. when fasting and 323 mg. per 100 
ml. 2} hours after breakfast. It was known that when this patient had been 
hospitalized 3 months previously the urine had been negative for glucose, 
and it was therefore assumed that this represented a metasteroid diabetes. 
Tolbutamide was administered in a dose of 3 g. daily for 1 week without 
effect on the amount of glycosuria or on the blood glucose levels. This lack 
of demonstrable effect on metasteroid diabetes is in contrast with the report 
by Dolger (5). 

Patients E.W., age 66, and P.T., age 63, showed satisfactory hypoglycemic 
responses to the drug when they were initially treated in hospital. The blood 
glucose values taken after they returned home were found to be much higher. 
This discrepancy was at first attributed to the difference between the hospital 
and home diet. However, in both cases, when the patients were readmitted 
and again studied on a carefully controlled diet, the high blood glucose values 
persisted and tolbutamide was discontinued. The previous dose of insulin 
proved adequate in P.T. and excessive in E.W. These cases emphasize the 
difficulty of assessing the patient’s long term response to the drug on the 
basis of any acute test. 

L.R., age 40, and R.P., age 58, were both under fair diabetic control on 
diet and tolbutamide when they developed infections: furunculosis in L.R. 
and an acute flare-up of a chronic pyelonephritis in R.P. In both cases 
blood glucose values rose and treatment with insulin was substituted for 
tolbutamide with satisfactory results. 

D.F., age 76, was the only patient in the series to develop ketosis while 
under treatment. In this case a high insulin dose (60 units NPH) was 
abruptly stopped and replaced by 3 g. daily of tolbutamide. Within 48 
hours acetonuria developed and insulin had to be resumed. This was one 
of the earliest cases treated and demonstrated the danger of abrupt elimination 
of a high insulin dose before it is known whether the drug will have any effect. 


Tolbutamide Responsive Patients 


In 51 patients the control of glycosuria and hyperglycemia when the pa- 
tients were on the drug treatment was considered as good as or better than it 
had been previously. Thirteen of these patients had not been on insulin in the 
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recent past. Of these, five had newly discovered diabetes not adequately 
controlled by diet alone; the remaining eight had known diabetes of from 1 
to 15 years’ duration that was considered to be poorly controlled by diet at 
this time. Some of these patients had taken insulin in the remote past. 
The mean age, duration of diabetes, and insulin dose of this group is shown 
in Table II. 

By the criteria of Table I the response to drug treatment was considered 
excellent in 21, good in 20, and fair in 10. In all 51 cases, however, glycosuria 
and hyperglycemia were controlled as well as or better than prior to the use 
of the drug. 

Hypoglycemic reactions were not observed in patients receiving tolbuta- 
mide without insulin. The freedom from such reactions was remarked on 
by several patients who had been subject to them while on insulin. In 
several patients severe hypoglycemic reactions occurred during the transition 
period when the patient was receiving both insulin and tolbutamide. 

The various types of response of the blood glucose level to tolbutamide are 
illustrated graphically in Figs. 1-4. 

In F.B., age 41, the dramatic rise of the blood glucose level following a 
relatively small reduction in insulin dose and the administration of 2.0 g. 
tolbutamide daily suggests that the drug might actually be exerting an anti- 
insulin effect (Fig. 1). 

E. St. G., age 61, had not been subject to frequent or severe hypoglycemic 
reactions in his 15 years of insulin treatment even though he required a dose 
of 70 units as a minimum. Within 2 days of the addition of 1.5 g. tolbuta- 
mide to his treatment he developed severe reactions with the blood glucose 
falling to 43 mg. per 100 ml. With tolbutamide alone the blood sugar went 
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Fic. 1. F. B., age 41. A Group A treatment failure showing the absence of any 
hypoglycemic effect. 
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rapidly up to the 600 mark. When half the former dose of insulin was given 
along with tolbutamide he again developed severe hypoglycemia. The drug 
was abandoned and, on the former dose of insulin, control was fairly satis- 
factory (Fig. 2). This case illustrates the impracticality of combined insulin 
and tolbutamide treatment. 
Gm/day 


2 


seeenees Case St.G 
YY yyy 








TOLBUTAMIDE 





ce) 
Units/day 





§ o-+ 
Mg,./100 ML. 





Before breakfast 
—-—-—After breakfast 
500+ i ——— Before supper 


8LO00D SUGAR 


2004 





° r - 

9 17 25 28 ‘ ~ 

March April 
Fic. 2. E. St. G., age 61. A Group B treatment failure. The marked hypoglycemic 

effect of tolbutamide added to insulin is seen, with the sharp rebound to extremely high 

blood sugar levels when insulin is temporarily withdrawn. 








23 


—_— Fi Case CES. 
- *—# A.C. 
! , ee | 
! \ y Tolbutamide 
4004 : 


200 


BLOOD SUGAR mg.//00 Mi 


Gy 
WY Ga Z Lldiddg Z “4 , 

7 3 1o 2 14 1% is 3 is 
Jan. Feb Apr. 


Fic. 3. C.E.S., age 70. Favorable response of elderly new diabetic. 


























GOLD: DIABETES MELLITUS 959 


Case GS 


Be 


150, Units/day AX. 
30 ----« P.C 
1304 20 N.P.H insulin 


> 10 Mie. Tol butamide 























Gm /éey iis F 
701 2 me ; y 
Sor Y ; - Y _ ; Yy a -. “ Yj - — x I 


Feb March April 
Fic. 4. G.S., age 47. Improved control of blood sugar levels following substitution 
of tolbutamide for 30 units NPH insulin. 

The reaction of C.E.S., age 70, is typical of the favorable response seen in 
most new diabetics in the older age group who have not been on insulin 
(Fig. 3). The initial high blood glucose levels on the chart were observed 
while the patient was on a 1700 calorie diabetic diet which was then continued 
throughout the test period. 

G.S., age 47 (Fig. 4), had taken insulin for 5 of the 7 years since the discovery 
of his diabetes. His control was only fair on 30 units NPH daily yet he had 
fairly frequent reactions, since his work was both strenuous and variable. 
On tolbutamide there was a definite improvement in his blood sugar values 
and at the same time loss of hypoglycemic reactions. 


Discussion 


A final evaluation of the role of tolbutamide in the treatment of diabetic 
patients will require full elucidation of its mode of action and proof that in 
the long run it will not aggravate the severity of the diabetes or cause other 
toxic effects. This information is not yet available. 

From the experimental and clinical evidence to date it would appear that 
Loubatieres’ original hypothesis that the hypoglycemic effect is brought 
about by the release of insulin from the beta cells of the pancreas is correct. 
It does not follow, however, that other possible modes of action are necessarily 
excluded. The finding in six patients of this series that tolbutamide exerted 
an hypoglycemic effect only in the presence of exogenous insulin supports 
Mirsky’s hypothesis that a major factor is the inactivation of insulinase in 
the liver and possibly in blood. The observation that in 14 patients no 
hypoglycemic effect was observed even in the presence of insulin suggests 
a high degree of individual variability in the anti-insulinase effect. Other 
mechanisms of action are also possible and have been suggested (7). 

Toxicity of tolbutamide for non-pancreatic tissue is extremely low at the 
dose level used in the treatment of diabetic patients, namely 0.5 to 3.0 g. 
daily. No toxic reactions were observed in this series. 
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Whether exhaustion of the pancreatic beta cells will result from long term 
treatment cannot be determined at present but appears unlikely. 

The actual statistics of the percentage of patients responding to the drug 
are of very little significance since they will vary with the composition of the 
series studied with respect to age, duration of diabetes, mean insulin dose, 
age of onset, history of ketosis, etc. In this group, the proportion (two- 
thirds) of patients responding favorably reflects to a large extent the selection 
of older patients with diabetes of relatively recent onset, of mild to moderate 
severity, and with no tendency to ketosis. 

It is our intention to continue the administration of tolbutamide in those 
patients in whom the diabetes is well controlled by this treatment. It 
appears probable in the light of our experience and that of others that oral 
treatment of diabetes with tolbutamide is established as a useful adjunct to 
our therapeutic armamentarium. 
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THE EXTRACTION AND ASSAY OF THE TYROSINASE 
FROM FROG SKIN 


A STUDY ON THE INFLUENCE OF THE MELANOPHORE-STIMULATING 
HORMONE ON THE SYNTHESIS OF THE ENZYME! 


Joun L. Purvis AND ORVILLE F. DENSTEDT 


Abstract 


A soluble (microsomal) preparation of tyrosinase was obtained from frog skin 
(Rana pipiens) by pretreatment of strips of dorsal skin with trypsin. The 
relatively high activity of the enzyme towards tyrosine compared with that 
against dopa and other catechols would indicate that the enzyme is predomin- 
antly of the nature of a monophenolase. The rate of oxidation of D-tyrosine is 
about one-third that obtained with L-tyrosine. The activity of the enzyme 
(measured by oxygen consumption of the system) with dialy zed a 
could be increased up to fivefold by the addition of cupric ions. The enzyme is 
inhibited in the presence of copper-binding agents such as diethyldithiocarbamate. 
Highly purified specimens of intermedin had no effect on the production or 
turnover of tyrosinase in the frog skin, nor was there any effect on the tyrosin- 
oxidase. There was little difference in the activity of the tyrosinase in light- or 
dark-adapted frogs, or in frogs which had received a series of injections of 
intermedin. The tyrosinase activity of the skin is subject to a large seasonal 
variation. The activity is about ten times greater during the period September 
to November than in the earlier period of the year. 

Although much is known about the chemical steps in the formation of 
melanin, little is known about the chemical nature of the pigment itself or the 
mechanism that controls its production in the living organism. Abnormal 
pigmentation in humans is known to accompany certain endocrine diseases 
such as adrenocortical insufficiency (Addison’s disease) and pituitary 
basophilism (Cushing’s disease). Pigmentation may occur also in pregnancy 
and as a consequence of severe stress (15, 22). Certain steroid hormones, 
when injected into animals, or applied locally to the skin, tend to stimulate 
melanin formation (3, 28). The injection of the melanophore-stimulating 
hormone, intermedin, into mammals (31) and amphibia (4, 9) is known to 
increase melanin pigmentation. However, diethyl stilbestrol (3) and 
intermedin, both of which stimulate pigmentation in man and animals, are 
without effect, im vitro, on the tyrosinoxidase system (17, 18, 29). These 
compounds apparently have no effect on the enzymatic synthesis of the 
pigment directly, but, judging from the time relationships, do appear to cause 
an increase in the quantity of theenzyme. An apparent increase, conceivably, 
might result from a decrease in the activity of natural inhibitors of the enzyme, 
or from a change in the internal structure or environment of the cell so as to 
facilitate the attachment of the enzyme to its substrate. 

That extracts of melanomas can catalyze the conversion of tyrosine to 
melanin has been known for many years (7, 12, 11, 13, 21). Until recently, 
however, all attempts to demonstrate this synthesis in normal pigmented or 

1Manuscript received May 7, 1957. 

Contribution from the Department of Biochemistry, McGill University, Montreal, Que. 


The material in this contribution is taken from a thesis ‘presented by J. L. Purvis in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy. 
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nonpigmented skin from the mouse, rat, guinea pig, and human have been 
unsuccessful. Fitzpatrick et al. (6) were the first to show that skin specimens, 
under suitable conditions, can bring about the conversion of tyrosine to 
melanin. They demonstrated, with the aid of histochemical methods, the 
formation of melanin from tyrosine in nonpigmented human skin which had 
been exposed to an erythemic dose of ultraviolet radiation. Later, Foster 
demonstrated tyrosinase activity in normal pigmented mouse skin (8) and in 
the skin of fetal guinea pigs (22). He prepared skin ‘“‘suspensions’” by 
freezing the tissue and grinding it to a powder, and showed that such 
suspensions could catalyze the conversion of tyrosine to melanin. In 1955, 
one of the present authors (J.L.P.) succeeded in preparing tyrosinase in soluble 
or microsomal form from the pigmented and also from the nonpigmented skin 
of the frog. 

The main object of our study was to ascertain whether intermedin increases 
melanin production by increasing the synthesis of tyrosinase in the tissue. 
The present communication pertains chiefly to the extraction and assay of 
the enzyme. 


Methods 
1. Materials 
The tyrosine, dihydroxyphenylalanine, trypsin (twice crystallized), and 
chymotrypsin (crystalline) were obtained from Nutritional Biochemicals, 
Corp., Cleveland. 
The specimen of highly potent intermedin (2000 I.U./mg.) was prepared by 
one of the authors (J.L.P.) from hog posterior pituitaries (1). 


2. Procedures 
(1) Oxygen Consumption 


The oxygen consumption by the preparation was used as a measure of the 
quantity of tyrosine converted to melanin and was estimated manometrically 
at 37.5°C. in the conventional Warburg apparatus. The carbon dioxide 
incidentally produced from the decarboxylation of dopachrome was absorbed 
with 10% KOH ona strip of filter paper placed in the center well of the flask. 
From one set of controls the enzyme was omitted and from the other, the 
substrate. The initial reading was taken 4 minutes after the reaction was 
started. 


(2) Spectrophotometric Estimation of Melanin 


At the end of the reaction period the contents of each Warburg flask were 
centrifuged at 2500 r.p.m. for 10 minutes and the melanin in the supernatant 
solution was estimated from the optical density measured in the Coleman 
Junior spectrophotometer at 540 my (28) with 2-ml. cuvettes. 


(3) Estimation of Copper 


Copper was determined by the manometric method of Warburg (34). 
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Experimental 


Extraction of Tyrosinase from Frog Skin 

Preliminary experiments with respiring specimens of frog skin revealed no 
significant increase in the uptake of oxygen nor any production of melanin in 
the presence of added tyrosine or dopa as the substrate. However, with 
aqueous extracts, prepared from the skin after the tissue had been ground with 
Berkshire sand, an increased oxygen uptake with production of melanin was 
obtained with dopa, but not with tyrosine. Attempts to grind the frozen skin 
into a powder, after the method of Foster (8), proved unsatisfactory. 

After many exploratory efforts, one of us (J.L.P.) found that tyrosinase 
could be rendered extractable in good yield by pretreating the excised skin 
specimens with trypsin. The frogs were killed and the pigmented dorsal skin 
of the body and the hind legs was removed. The excess adipose tissue and 
adhering blood vessels were removed and the skin strips were incubated for 
45 minutes at 37°C. in 0.1 M phosphate buffer, pH 7.8, containing 0.5% 
trypsin. The strips were washed and placed on the cover of a Petri dish, 
and the loose material on the external surface was removed by scraping the 
surface lightly with a spatula. The strips were then suspended in water and 
homogenized with a Potter-Elvehjem homogenizer for 2 minutes. The 
suspension was centrifuged at 3500 r.p.m. for 20 minutes to precipitate the 
finely divided residues, including mitochondria, and the supernatant liquid 
was removed and recentrifuged at 18,000 r.p.m. (24,500Xg) for 20 minutes. 
The clear supernatant fraction contained the enzyme. A series of trypsin 
concentrations within the range of 0.005-0.5% was tested to ascertain the 
optimum concentration for extraction of the enzyme. This concentration was 
found to be between 0.25-0.5%, as indicated in Fig. 1. It is of incidental 
interest that when Wattiaux and de Duve (35) extracted the hydrolases from 
the lysosomes with Triton X-100, an anionic detergent, they obtained the 
same logarithmic type of enzyme release as we observed in the rélease of 
tyrosinase from frog skin by the action of trypsin. Pepsin was found to be 
virtually ineffective in solubilizing the enzyme but chymotrypsin proved to be 
almost as effective as trypsin. No activity was obtained on extraction of the 
fresh skin with water, saline, or 0.3 M NH,OH. 


Evidence that the Conversion of Tyrosine to Dopa is Enzyme-Catalyzed 

That the oxidation of tyrosine to dihydroxyphenylalanine (dopa) in the 
presence of frog skin extract is enzyme-catalyzed was established by the 
following observations: 

(1) No oxygen was taken up nor was any black pigment formed in the 
presence of tryrosine and cupric ions alone. On addition of the extract the 
reactions proceeded. The oxygen consumption and the increase in the optical 
density of the medium at 540 my (due to melanin formation) were found to be 
proportional to the dry residue weight of the added extract within a certain 
range of concentrations. Additional experiments, with the aid of the 
Thunberg method, indicated that no melanin was formed in the absence 
of oxygen. 
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(2) The activity could be abolished by heating the preparation. 

(3) The optimum pH of the reaction was found to be between pH 6.5-7.1 
with tyrosine as the substrate. 

The oxygen uptake (—Qo,), however, was found to decrease with increase in 
the quantity of extract beyond a certain amount. The decreased activity was 
found to be caused by depletion of the substrate, tyrosine, rather than by 
inactivation of the enzyme. Because of the extremely low solubility of this 
amino acid it could be added as a solution only in very low concentration. To 
assay the activity of the enzyme it was necessary, therefore, to find a means 
of preventing the depletion of the substrate. The problem was solved by 
introducing into the reaction vessels an excess of crystalline L-tyrosine to 
ensure continuous saturation of the medium. Under these conditions the 
rate of oxygen uptake remained linear for a much longer time (see Fig. 2). 
During the period of linearity, the optical density at 540 my (see Fig. 3) was 
found to be proportional to the weight of the dry residue of the quantity of 
the enzyme preparation used. 

t is convenient to express the enzyme activity in terms of units as devised 
by one of the authors (J.L.P.), the unit being the amount of enzyme that 
gives a constant oxygen uptake of 1 wl./min. The rate of the reaction was 
measured during the period represented by the linear portion of the curves 





Fic. 1. Enzyme activity as a function of the concentration of trypsin. 

Fourteen frogs were sacrificed and skin specimens placed in seven Warburg flasks, the 
series of flasks containing increasing concentrations of trypsin in 0.1 M phosphate buffer 
at pH 7.8 as represented in the abscissa. After incubation at 37.5° C. for 45 minutes the 
skin specimens were treated as previously described (see page 963) and the supernatant 
fractions obtained were assayed for tyrosinase activity. 

Fic. 2. Oxygen consumption of skin extract as a function of time. 

CONTENTS OF FLASKS 

Main compartment.—0.62 mg./0.55 ml. (3.4 uM.) of L-tyrosine in solution with 10-20 
mg. of crystalline L-tyrosine added to ensure a saturation of the solution throughout the 
reaction period; cupric ions 0.125 mg.; phosphate buffer pH 6.8, final concentration 0.08 M. 

Side arm. —V arious amounts of enzyme A-D as illustrated in Fic. 2 made up to 0.7 ml. 

Center w strip saturated with 0,2 ml. of 10% KOH 

Gas phase: System coullibewet with air at 37.5°C. Total volume: 3 ml. 

Controls: Same as above except that the enzyme was omitted. 

2 Same as above except tyrosine was omitted. 

In the final calculation the value of the controls was subtracted from the experimental 
values. 

Fic. 3. The optical density of the solution as a function of the dry weight of the 
enzyme preparation. 

The rate of oxygen uptake was measured before the determination of the optical 
density (see p. 962). 

Fic. 4. Enzyme activity as a function of the dry weight (mg.) of the residue of the 
extract. 

One unit is defined as that amount of enzyme —- an oxygen uptake of 1yl./minute. 
The values in this figure were calculated from Fic. 2. Enzyme activity 1 unit/mg. 

Fic. 5. Reversal of diethyldithiocarbamate inhibition of the enzymatic oxidation of 
tyrosine by the addition of cupric ions. 

CONTENTS OF FLASKS 

Flask 1.—0.4 mg./1.0 ml. tyrosine plus 5.6 mg. of tyrosinase. 

Flask 2.—1.4 mg. tyrosine, 1.0 ml. diethyldithiocarbamate—final concentration 3.2X 
10-* M plus 5.6 mg. of tyrosinase. 

Flask 3.—As in flask 2 except 0.25 mg. copper was added from a second side arm at the 
20th minute of the run. Test system: same as in footnote FiG. 2, except that no copper 
was initially added to flasks 1 and 2. 
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illustrated in Fig. 2. The results, in terms of units per mg. dry weight of 
extract, are indicated in Fig. 4. For the majority of the assays air was 
used as the gaseous phase. Preliminary assays had shown that the oxygen 
consumption usually was less than 200 uwl./hr. and was the same with air as 
with oxygen. With the more active enzyme preparations, however, an oxygen 
uptake greater than 200 ul./hr. was obtained and in such cases it was necessary 
to use pure oxygen. Table I gives a comparison of the oxygen consumption 
in air and oxygen with the highly active enzyme preparations. 


TABLE I 


COMPARISON OF THE OXYGEN CONSUMPTION IN AIR AND OXYGEN 
WITH HIGHLY ACTIVE ENZYME PREPARATIONS 




















Oxygen Oxygen consumption, Tyrosinase 
Gas Residue consumption, 10 min. activity, 
phase wt., mg. ul./hr. average,* ul. unitst/mg. 
Air 1.32 156 44 3.38 
Oxygen 1.31 164 47 3.58 
Air 3.93 287 91 2.30 
Oxygen 3.93 336 135 3.45 





* While the rate of oxidation was constant. 
+ Units + standard deviation. 


Activation of the Enzyme by Copper Salts and Its Inactivation by Metal-Binding 
Agents 

The enzyme preparation, after dialysis, was found to contain 0.002% of 
copper. The addition of copper salts equivalent to 0.12 mg. copper increased 
the tyrosinase activity three- to five-fold. Copper-binding agents such as 
diethyldithiocarbamate, even in very low concentration, are known to inhibit 
the oxidation of tyrosine by tyrosinase (7). The pI (the concentration which 
causes a 50% inhibition) was found to be 6.7. The inhibition by diethyldithio- 
carbamate can be abolished by the addition of copper ions, as indicated by 
curve 3 in Fig. 5. 


The Substrate Specificity of the Tyrosinase from Frog Skin 

One feature of difference between the tyrosinase preparations obtained from 
plants, insects, or marine animals and those from mammalian tissue, e.g. 
mouse and horse melanoma, is the substrate specificity. The tyrosinase from 
plant sources, in general, can oxidize most mono- and di-phenolic compounds 
(5,27). The rate of reaction is particularly rapid with p-cresol or catechol as 
the substrate. The tyrosinase from mammalian tissues, on the other hand, is 
relatively more specific in relation to the substrate and acts primarily on 
L-tyrosine, L-tyrosine ethyl ester, and L-dopa. The enzyme is relatively 
inactive towards catechol and p-cresol (20). 
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The substrate specificity of our enzyme preparation from frog skin was tested 
with the following substrates: p-cresol, L-tyrosine, L-tryptophan, L-dopa, and 
L-tyrosine and L-dopa together. The last two substrates were tested together 
to determine whether L-dopa increased the rate of oxidation of L-tyrosine. 
The results are presented in Table II. 


TABLE II 


SUBSTRATE SPECIFICITY OF THE TYROSINASE FROM FROG SKIN 








Oxygen Atoms of oxygen Per cent of theoretical 
uptake, per molecule of number of atoms of 
Substrate ul. /hr. substrate oxygen taken up 
L-Tyrosine 51.5 1.80 36 
p-Cresol 29.0 1.05 35 
L-Tryptophan 7.0 — — 
L-Dopa 11.0 0.40 10 
L-Tyrosine + L-Dopa 50.0 1.78 35 





Flask contents.—Main compartment: 2.48 uM. (final concentration 1.36 4M. per 2.8 ml.) 
of each substrate were used except in the flask containing tyrosine and dopa together (2.48 
uM. tyrosine + 0.083 uM. dopa); 0.126 mg. Cu**; phosphate buffer, pH 6.8. Final con- 
centration, 0.08 M phosphate. Center well: filter paper roll containing 0.2 ml. of 109% KOH. 
Side arm: enzyme preparation, 2.9 mg. of preparation assaying 0.25 units/mg. Total volume 
3.0 ml. Gaseous phase: air. 

The relative rate of oxidation of the two substrates may be determined by 
comparing the respective quantities of oxygen taken up, expressed as the 
percentage of the number of atoms of oxygen that theoretically should be 
taken up if the reaction were to go to completion. Since the tyrosinase was 
found to oxidize tyrosine and p-cresol at the same rate but dopa more slowly 
(about one-fourth), the enzyme may be considered to be a monophenolase. 
The inability of the enzyme to oxidize dopa at a rate comparable with that 
obtained with tyrosine is a peculiar characteristic of the tyrosinase from frog 
skin. Otherwise, the specificity appears to be similar to that of the plant 
tyrosinases. In contrast with the observations of Foster (8) and of Lerner 
(19) we observed that the presence of dopa had no effect on the rate of 
oxidation of tyrosine by the enzyme. The significance of the relatively small 
uptake of oxygen with tryptophan is difficult to interpret since the theoretical 
amount of oxygen taken up in the reaction with this substrate is not known. 
It is unlikely that the extract of frog skin contains a tryptophan—oxidase 
system such as Foster found in ‘suspensions’ prepared from mouse skin. 

The proportion of tyrosine converted to dopa in our experiments can be 
estimated from the known rates at which tyrosine and dopa are converted to 
melanin. Theoretically, 1 atom of oxygen is required for the oxidation of 
1 mole of tyrosine to dopa, and 5 atoms in the conversion of 1 mole of tyrosine 
tomelanin. The oxidation of the 2.48 uM. of tyrosine, used in our experiment, 


to dopa, therefore would require 27.8 ul. of oxygen. 

The oxygen uptake in the oxidation of 2.48 uM. of dopa to melanin was 
found to be 35 wl. of which 24 wl. was consumed autocatalytically and the 
extra 11 yl. as the result of catalysis of the reaction by the tyrosinase. Addition 
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of the theoretical quantity of oxygen consumed in the first stage of the reaction 
(tyrosine to dopa, 27.8 ul.) to the measured volume taken up in the subsequent 
stages (dopa to melanin, 35 wl.) gives a total of 62.8 wl. The actual total 
quantity of oxygen taken up was 51.5 wl. Hence it would appear that only 
about 80% of the tyrosine had been converted to dopa and about 25% of the 
dopa, to melanin. 

Optical Specificity 

The optical specificity of the enzyme was studied by following the oxygen 
consumption and the change in optical density during an incubation period of 
1 hour with added L-, DL-, and D-forms, respectively, of tyrosine. The results 
are presented in Table ITI. 

The subheading ‘‘atoms O”’, in parenthesis in the table, designates the 
number of atoms of oxygen taken up in 1 hour per mole of tyrosine. Since the 
theoretical number of atoms of oxygen taken up in the conversion of one 
molecule of L-tyrosine to melanin is five, it is evident that the reaction with 
low concentrations of the substrate proceeds to completion. However, the 
reaction with DL-tyrosine consumed more oxygen than theoretically is to be 
expected for the amount of L-tyrosine present in the racemic mixture. There 
is no doubt, therefore, that the D-isomer also is oxidizable by the enzyme. 
Furthermore, the D-tyrosine which was found to contain about 10% of the 
L-isomer as an impurity, took up 95 wl. Os, which is much more (five times) 
than could be accounted for by the amount of L-isomer present in the sample. 
Since the change in the optical density at 540 my (measure of the melanin 
formation) was consistent with the amount of oxygen consumed one may 
infer that the reaction does not involve the coupling of an oxidative deamina- 
tion (by D-amino oxidase) with the reactions responsible for the uptake of 
oxygen. The results in Table III seem to indicate that the D-isomer is 
oxidized about two-thirds as rapidly as the L-form, and that the stereo- 
specificity of the enzyme is not as clear-cut as that of.the tyrosinase from 
mouse melanoma (19). 


The Influence of Intermedin on the Synthesis of Tyrosinase in Frog Skin 

1. Seasonal Variation in the Tyrosinase Activity of Frog Skin 

The secretion of intermedin from the pituitary of the frog and the production 
of the ‘‘‘W’ substance’, an antagonist of intermedin, as postulated by 
Hogben (14) are supposed to be minimal when the frog is kept in complete 
darkness. The melanophores are then in an intermediate state of ‘‘expansion”’ 
(melanophore index about 3.0). Control values for the concentration of 
tyrosinase in the skin were obtained from frogs which had been kept in a moist 
chamber in complete darkness in a cool basement. Frogs, kept under these 
conditions, will be referred to herein as ‘“‘normal’’ frogs. To obtain normal or 
control values for the tyrosinase activity of the skin, assays were performed on 
the extracts at various times during the year. These tests revealed a 
pronounced seasonal variation in the tyrosinase activity. The activity was 
especially high during the late fall from September to November, as indicated 
in Table IV. 
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TABLE IV 


SEASONAL VARIATION OF TYROSINASE ACTIVITY OF FROG SKIN 











No. of frogs Mean tyrosinase 
Period of tests tested activity, units*/mg. 

May 1 — June 28 14 0.3 + 0.05 
July 1 - July 31 8 0.7 + 0.11 
Sept. 1 — Sept. 20 4 ‘4 2 Uae 
Sept. 20 — Nov. 1 14 3.6 + 0.60 
Nov. 10 — Dec. 1 6 1.1 + 0.15 
Dec. 1 — Jan. 1 6 0.8 + 0.12 





*Units + standard deviation. 


The frogs were killed two at a time. In no case did the individual values 
differ by more than 25%. There was no significant difference between the 
response obtained from male and female (egg-laden) frogs. 


2. Tyrosine Activity of the Skin of Dark- and Light-Adapted Frogs 

One group of frogs was dark-adapted in a moist chamber with black walls 
and floor. A small light was placed above the chamber at a distance of 1} ft. 
to provide a constant degree of illumination as recommended by Hogben (14). 
Under such conditions the frog secretes intermedin continuously and the 
melanophores remain in the fully “expanded” state. The other group of 
frogs was adapted to a light background in a white moist chamber provided 
with constant illumination. Under these conditions the melanophores remain 
“contracted” and the frogs remain pale in appearance. The results of the 
periodic assays are presented in Table V. 


TABLE V 


TYROSINASE ACTIVITY OF THE SKIN IN DARK- AND LIGHT-ADAPTED FROGS 














Type Duration of Number Mean tyrosinase 

of adaptation, of activity, 

Season adaptation days frogs units*/mg. 
April—-July Light 30, 60, 120 12 0.10 + 0.02 
Dark 30, 60, 120 16 0.03 + 0.01 
Sept.—Nov. Light 45 8 3.0 + 0.23 
Dark 45 8 3.4 +0. 





* Units + standard deviation. 


Again it is clearly evident that the tyrosinase activity increased about 
10-fold during the late fall months regardless of the nature of the adap- 
tation. 


3. Tyrosinase Activity in Adapted Frogs Injected with Intermedin 

To ascertain whether the administration of intermedin influences the 
tyrosinase activity of the skin, one group of frogs was dark-adapted for 15 
days and another light-adapted for 30 days. The frogs were then given an 
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injection of about 10 I.U. of intermedin twice daily. The material had been 
prepared from hog posterior pituitary glands and assayed 2000 I.U. per mg. 
(1). The dose was sufficient to keep the melanophores in the expanded state. 
Periodically, some of the frogs were killed and the tyrosinase activity of the 
skin assayed. The results are presented in Table VI. 


TABLE VI 


TYROSINASE ACTIVITY IN ADAPTED FROGS INJECTED WITH INTERMEDIN 














Type Duration of Number Mean tyrosinase 

of adaptation, of activity, 

Season adaptation days frogs units*/mg. 
Apr.—July Light 7, 14, 21, 28 8 0.03 + 0.02 
Sept.—Nov. Dark 7, 4, 21, & 16 3.4 + 0.32 





*Units + standard deviation. 


It is apparent from a comparison of the mean tyrosinase activity given in 
Tables V and VI that the conditioning of the frogs with intermedin did not 
increase the enzyme activity of the skin. Dark adaptation, if anything, 
tends to decrease the enzyme activity in the early summer months when the 
activity normally tends to be low. On the other hand, when the tyrosinase 
activity is at the seasonal peak in the fall, administered intermedin appears 
not to affect the activity or synthesis of tyrosinase. 


Discussion 


As has already been suggested the failure of many investigators to extract 
tyrosinase from mammalian skin may have been attributable to technical 
difficulties. Foster’s studies (8) with ‘skin suspensions’ and the unsuccessful 
attempts by others (8, 10, 30) to prepare extracts by grinding skin with sand 
indicate that tyrosinase in skin is firmly bound. Even when the tissue is 
reduced to a finely divided state it remains intractable to ordinary extraction 
treatments. Ours appears to have been the first success in obtaining the 
enzyme from normal pigmented or nonpigmented skin in soluble (or micro- 
somal) form. The mode of action of trypsin or chymotrypsin in releasing the 
enzyme from skin is not known. The observation that pepsin was ineffective 
in this respect suggests that the splitting of the tissue protein to which 
tyrosinase is attached, in some manner releases the latter enzyme. 

An alternative possibility is that trypsin and chymotrypsin may destroy an 
inhibitor which, according to some workers, is closely associated with tyrosinase 
in pigmented or nonpigmented skin. Foster (8) has attributed the inductive 
period, which precedes the detectable oxidation of tyrosine, to the action of a 
tyrosinase inhibitor. This inductive period is evident when purified tyrosinase 
preparations obtained from potatoes, mushrooms (27), and various animal 
melanomas (18, 19) are incubated with tyrosine but it did not occur with 
Foster’s ‘skin suspensions’ (8) in the presence of added copper, nor with the 











972 CANADIAN JOURNAL OF BIOCHEMISTRY AND PHYSIOLOGY. VOL. 35, 1957 


writer’s preparation of tyrosinase from frog skin under comparable experi- 
mental conditions. Furthermore, Foster’s and our preparations were 
sufficiently active towards tyrosine as not to require the concurrent oxidation 
of dopa for their activation. The difference in behavior between these two 
and other preparations may possibly have been attributable to peculiar 
properties of the original tissues or to a difference in the physical state of the 
enzyme in the various tissues. 

The manner in which copper ions potentiate the enzymatic oxidation of 
tyrosine is obscure. Foster (8) has suggested the following alternative 
explanations: (a) The copper ions may form a complex with tyrosinase, or 
oxidize a substance which interferes with the tyrosinase reaction. The 
substance may be different from the inhibitor referred to in the preceding 
paragraph. (6) The copper may catalyze the nonenzymatic oxidation of the 
dopa formed from tyrosine. The former of these explanations is more 
consistent with our observations on the tyrosinase of frog skin. 

The copper content of our dialyzed tyrosinase preparation from frog skin 
was found to be very small. The addition of about 1000 times this amount of 
copper per unit weight of preparation was required to obtain optimal activity 
of the enzyme. Presumably this concentration of copper ions was necessary 
to saturate the active sites on the enzyme. Some of the copper may have 
been taken up also by other substances in the preparation. The gradual 
decline in the oxygen consumption at high copper-ion concentrations may 
have resulted from the competition between the copper and the enzyme— 
copper complex for the tyrosine molecule, as Foster (8) has suggested. 

While the properties of our tyrosinase preparation from frog skin with 
respect to stability, pH optimum, and the ability to convert tyrosine to 
melanin are similar to those of the enzyme obtained by other workers from 
plant sources and from mammalian melanomas, our preparation is the first 
that has been shown to be more active with monophenols than with diphenols. 
Highly active catecholase extracts have been prepared from plant sources by 
procedures which incidentally abolished the cresolase activity. It is reason- 
able to suppose that the digestion of the frog skin with trypsin in our study 
may possibly have destroyed or diminished the capacity of the enzyme to 
catalyze the oxidation of dopa to melanin. This explanation would imply 
that tyrosine and dopa probably are oxidized, at different sites on the enzyme 
surface as has been suggested by Kendal (16). If, however, oxidation of the 
two substrates occurs at a common site on the enzyme as Mason (25) and 
Lerner (18) have suggested, our explanation of the loss of the catecholase 
activity would be less plausible. 

Mason (25) has suggested a further explanation for the ‘“‘phenolase”’ activity 
based on the role of copper ions. He postulates that the loss of the cresolase 
activity may be associated with a structural rearrangement in the protein 
(enzyme) molecule in the neighborhood of the bound copper atoms. The 
catecholase activity, on the other hand, according to this view, is not 
dependent upon the spatial disposition of the copper atoms but only upon the 
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presence of copper attached to a specific or nonspecific protein. Mason's 
hypothesis would be consistent with our findings if it were assumed that dopa 
is attached to the protein carrier at more than one site, namely to a copper 
atom and to a contiguous amino acid. If the polypeptide chain were to be 
broken near this amino acid the rate of reaction with dopa might be altered. 
In all probability the specificity of the tyrosinase depends on the spatial 
arrangement of the copper atoms with respect to certain proximate amino 
acids in the enzyme. The arrangement in the nonspecific plant tyrosinases 
probably is different from that in the more highly specific tyrosinase of mouse 
and guinea pig skin. From the evidence at hand it is impossible to tell 
whether the nonspecificity of the enzyme from frog skin towards monophenols 
is a natural property which is manifested also toward diphenols, or whether 
it is the result of alteration of the enzyme during the extraction process. The 
relatively feeble activity of the enzyme towards dopa may possibly be due to 
the presence of an inhibitor which is stable to trypsin and interferes with the 
oxidation of dopa. Foster (8) has presented evidence for this type of 
phenomenon in the case of the ‘skin suspension’ prepared from skin of the 
brown mouse but did not obtain the inhibition with extracts from black skin. 


Another feature of difference between our tyrosinase preparation from frog 
skin and the enzyme preparations of other workers from mammalian skin is 
the optical specificity. More information is needed about the number 
valency, and the arrangement of the copper atoms on the enzyme to account 
for the difference in specificity between the tyrosinases from plants and the 
skin of mice and guinea pigs, on the one hand, and that from frog skin on 
the other. 

Our experiments with frogs which had been dark-adapted or injected 
repeatedly with intermedin for periods up to 2 months demonstrated definitely 
that intermedin does not increase the concentration of tyrosinase in the skin. 
However, it may be recalled from reports of clinical studies. that an increase in 
pigmentation has been demonstrated after the repeated injection of intermedin 
for less than a month. In our opinion intermedin does not increase the 
synthesis or turnover of tyrosinase. Nor does it have a direct effect in vitro 
on the activity of the tyrosine—-tyrosinase oxidase system. Furthermore, the 
absence of an induction period with unsaturated solutions of tyrosine and skin 
specimens from untreated frogs would not appear to support the view that 
intermedin regulates the synthesis of natural inhibitors. However, it is 
possible that intermedin may regulate the synthesis of an inhibitor that can 
be destroyed by trypsin. The apparent decrease in or abolition of the 
tyrosinase activity after injection of intermedin during the summer months, 
as observed by us, remains unexplained. There appears to be no clue as to 
how intermedin increases the synthesis of melanin. 

Blum (2) has reported an observation which may have relevance to our 
problem. He observed that melanin granules in the basal layer of the skin 
tend to migrate into the superficial epidermis on exposure of the skin to 
ultraviolet light. The synthesis of melanin, on the other hand, does not 
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reach full activity until many days after the exposure. Speculation arises 
whether intermedin may promote this migration of granules from the melano- 
cyte to the superficial epidermis, possibly by the activation of hyaluronidase in 
the skin, and whether the secretion of melanin from the melanocyte may 
stimulate the synthesis of melanin. 


The physiological role of intermedin in those cold-blooded invertebrates 
which have melanophores appears to be simply to initiate the processes that 
bring about the dispersion of the melanin granules, and to regulate the degree 
of dispersion in the melanophores. Numerous authors during the past 45 
years, notably Spaeth (33), Shanes and Nigrelli (32), Matthews (26), and 
Marsland and associates (24) have contributed much to our present under- 
standing of the nature of the melanophore response. These workers have 
shown that the response commonly referred to as the ‘‘expansion”’ of the 
melanophore consists not in a physical expansion of the cell but in a trans- 
formation (solation) of the cytoplasmic gel to a sol and a dispersal of the 
concentration of melanin granules into the cytoplasm and into the protruding 
branches of the cell. Conversely during the phase commonly referred to as 
the ‘“‘contraction”’ the melanin granules flow back into the main body of the 
cell and again become concentrated in a mass. This phase is attended by 
gelation of the cytoplasm. More recently Lerner and Takahashi (23) and 
Wright (36) have further elucidated the melanophore response by showing that 
the dispersion of the melanin granules and the accompanying changes in the 
state of the cytoplasm involve the expenditure of energy derived from the 
metabolic activity of the cell. The response occurs only in the presence of 
oxygen, thus is dependent upon the respiratory activity and accompanying 
processes of oxidative phosphorylation and utilization of ATP. The role of 
intermedin in initiating and controlling the response remains obscure. 
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A NEW CONCEPT OF THE METABOLISM OF THE 
PATHOLOGICAL PROTEINS IN MYELOMATOSIS! 


A. H. NEUFELD 


Abstract 


The principal features of myelomatosis are the presence of abnormal globulins 
in the blood and of pathological cells resembling plasma cells in the bone marrow. 
Disappearance studies with patients’ own and with normal adults’ I-131 labelled 
albumin and globulins showed that the time was shortened for the disappearance 
of the pathological globulins in the patients, whereas that of all other fractions 
in the controls and in the patients was normal. Incubation studies have shown 
that the bone marrow plays some part in the breakdown of these pathological 
proteins and in one experiment there is suggestion that, in the disease, the liver 
may be involved in the synthesis of these abnormal globulins. 


Myelomatosis is usually considered to be a neoplastic disease characterized 
by the presence of large numbers of tumor cells in bone marrow that is normally 
engaged in blood formation. These cells bear a close resemblance to the 
plasma cell of normal bone marrow and it has been assumed that they represent 
an immature and/or abnormal form of the cell. The disease is also accom- 
panied by the presence in the blood, and frequently by the excretion in the 
urine, of curious globulins first described by Bence Jones in 1848. There is 
indirect evidence indicating that the plasma cell in bone marrow may actively 
participate in the production of antibodies (1, 2,3). It has therefore been 
assumed that the pathological plasma cells in myelomatosis probably represent 
the source of the abnormal circulating globulins. Furthermore, there is 
indirect evidence to support this view (4, 5). 

During the past year or so a series of studies have been carried out on two 
patients, one with a gamma type of myelomatosis and the other with a beta 
type. Both patients showed an increase in the disappearance rate of their 
I-131 labelled abnormal globulins following administration. The disappear- 
ance rate of their own serum albumins labelled with I-131 was the same as 
that of the control normal adults. This would indicate a high rate of 
production and disappearance of the abnormal globulins. Incubation 
studies with the pathological bone marrow suggested that the abnormal 
plasma cells in the bone marrow have something to do with the disappearance 
of these proteins. A single experiment suggests that the liver may be 
involved in their synthesis. 


Case Reports 


The first patient was a 63-year-old male who had been hospitalized for 
schizophrenia since 1938. Early this year a progressive anaemia was noted 
and upon investigation it was found that the total serum proteins were 10.0 g./ 
100 ml., with a gamma globulin of 6.8 g./100 ml. — typical of a gamma type of 
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myelomatosis (see Fig. 1). Bone marrow aspiration showed the presence of 
large numbers of plasma cells, from 25 to 40% of the nucleated cells in the 
marrow from different sites. X-ray studies showed widespread rarefaction 
in the skull and spinal column. In March, the patient sustained complete 
collapse of the body of D5. Laminectomy was performed at D4, 5, and 6 
bilaterally and a large extradural fleshy tumor was removed which had the 
microscopic appearance of a myeloma. 

The second patient, a 48-year-old male, first presented generalized 
nodular xanthoma, particularly in the neighborhood of joints of the limbs, 
the natal folds, and the palms and soles. The serum total cholesterol was 
1000 mg./100 ml. and over. Persistent complaint of pain, referred to the 
spine, occurring in paroxysms and worse at night, suggested a generalized 
metabolic disturbance. X-ray studies showed very marked and generalized 
osteoporosis. Total serum proteins varied from 7 to 8 g./100 ml., with a 
very high beta globulin — typical of the beta type of myelomatosis (see 
Fig. 1). Bone marrow aspiration showed that 45 to 60% of the nucleated 
cells were abnormally appearing plasma cells. 

Neither patient has ever shown the presence of Bence Jones protein in 
the urine. 


Materials and Methods 


The serum proteins were examined by means of paper electrophoresis. 
The apparatus used was the Spinco model. Total serum proteins were 
estimated by the Biuret method (6). 

The determinations of the disappearance rates of I-131 labelled albumin, 
and determinations of the globulins were carried out in the two patients and in 
four male adult healthy controls. The uptake of iodine by the thyroid gland 
was blocked by the oral administration of Lugol’s solution for a period 
starting 2 days before onset of the experiment and extending to its termination. 

Blood samples were drawn into heparinized containers and centrifuged. 
One hundred microcuries of 1-131 were added to the plasma and kept at room 
temperature for 1 hour. By this means the patient’s own serum proteins 
were tagged. Five milliliters of plasma were retained for analyses and 
the remainder given intravenously to the patient. Blood samples were 
subsequently withdrawn at 1 day, 2 days, 3 days, and then every other 
day through the 15th day. Total proteins were estimated and an electro- 
phoretic separation carried out on paper. This was done as a check in case 
a change in pattern and total protein had occurred. A count was taken on 
2 ml. of the plasma sample in a well-type scintillation counter. The plasma 
proteins were then separated by repeated electrophoretic runs, the albumin 
and the lumped globulins eluted, precipitated, and taken into solution to 
constant volume. The count was taken for each. Semilogarithmic plots 
of the corrected counts per minute per ml. of plasma albumin and of plasma 
globulins were made against time. Three to five days were allowed for the 
equilibration of the labelled proteins between the patients’ intravascular 
and extravascular protein stores. Counts taken after this fell on a straight 
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Fic. 1. Electrophoretic patterns of serum proteins: a—normal adult; 6—patient 
with beta type of myelomatosis; c—patient with gamma type of myelomatosis. 
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line and were considered representative of the disappearance rate of the 
respective proteins. It was never found necessary to make corrections for 
changes in total albumin and in total globulins since changes observed 
throughout the experimental periods for all the patients were minimal. 

Incubation studies of bone marrow with the patient’s own serum, plus added 
dextrose, were carried out in roller tubes; one part of marrow to one part of 
plasma by volume, with dextrose equivalent to 200 mg. %, at 37°C. for 
14hours. A similar procedure was utilized in the one experiment of incubating 
the patient’s serum with his liver tissue, secured by needle biopsy. Electro- 
phoretic separations of the proteins of the cell-free bone marrow and liver 
tissues, the plasma and of the cell-free mixed preparations after incubation 
were carried out on paper. All paper strips were scanned in the Spinco 
Analytrol. The results obtained with the cell-free mixtures after incubation 
were calculated by taking account of the dilution as well as the protein fractions 
of the cell-free marrow and liver tissues respectively. Thus the relations 
between protein fractions before and after incubation in each experiment are 
expressions of changes in areas enclosed within each peak. 


Results 


The disappearance rates of the intravenously injected patient’s own 
radioactively labelled serum albumin were similar in the two patients with 
myelomatosis and in the four normal male adults. As shown in Fig. 2a and 
26, the mean [-131 half-life in normal adults was 9.5 days and in myelomatosis 
it was 9.4 days. There was, however, a marked difference between the two 
groups in the disappearance rate of the radioactively labelled globulins, as 
is shown in Fig. 3a and 3b. In the patients with myelomatosis, the globulins 
had a shortened disappearance rate with a mean I-131 half-life of 7.2 days, 
as contrasted to 10.6 days for the globulins of normal male adults. 

These data suggest that there is a significantly greater rate of turnover of 
the serum globulins in patients with myelomatosis. In the first patient, 67% 
of his total serum globulin was represented by the abnormal gamma globulin, 
while in the second patient 72% was in the beta globulin. If we assume that 
the rest of the globulins that were present (the alpha-1, alpha-2, and the beta 
in the first patient and the gamma in the second) had a similar disappearance 
rate to that observed in the controls, which held true for all patients as regards 
serum albumin, then the actual rate of turnover was probably even greater 
than that recorded. 

Two experiments were carried out on each patient by incubating his plasma 
with an equal volume of his bone marrow. In the second experiment on the 
first patient, a simultaneous incubation was done with fresh liver tissue. The 
results are presented in Table I. 

With one exception, none of the protein fractions were altered significantly, 
except the abnormal globulin fractions in both patients. The exception was 
in the first experiment in which only some 5% of the gamma globulin could 
not be accounted for after incubation. However, this was the only very 
dilute bone marrow used as shown by the staining technique. 
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In the second experiment on the first patient some 22% of the gamma 
globulin could not be accounted for following incubation with marrow, whereas 
with the same plasma plus fresh liver tissue the gamma fraction increased by 
some 15% on incubation. 

With the second patient, there was a decrease in the beta globulin fraction 
as a result of incubation amounting to some 38 and 44% respectively. 

These results indicate that the pathological proteins in the two patients 
with myelomatosis decreased in the presence of their bone marrow tissue. In 
the one experiment there is some suggestion that they increased in the 
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DAYS 
Disappearance of I-131 labelled albumin in four normal male adults. The 
ordinate shows counts per ml. of plasma in thousands. 
b. 


The ordinate shows counts per ml. of plasma in thousands. 


Fic. 2a. 


Disappearance of I-131 labelled albumin in two patients with myelomatosis. 


Fic. 3a. Disappearance of I-131 labelled globulins in four normal male adults. The 
ordinate shows counts per ml. of plasma in thousands. 


b. Disappearance of I-131 labelled globulins in two patients with myelomatosis. 
The ordinate shows counts per ml. of plasma in thousands. 
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presence of the pathological liver tissue. The more marked effects shown by 
the bone marrow of the second patient may well be related to the high patho- 
logical cell count of the marrow which was almost twice that of the first 
patient. 

TABLE I 


THE EFFECTS ON PLASMA PROTEINS OF INCUBATING PLASMA WITH BONE MARROW (1:1), 
AND LIVER TISSUE WITH PLASMA (1:1) FROM TWO PATIENTS 
WITH MYELOMATOSIS; ALL AT 37° C. 








Total Globulins 
proteins, — — 
g./100 ml. Albumin Alpha-1 Alpha-2 Beta Gamma 








1st patient 9.99 3.18 0.78 1.03 0.47 4.53 
marrow and plasma 3.01 0.79 1.05 0.33 4.31 
1st patient 10.13 3.44 0.62 1.02 0.46 4.59 
marrow and plasma 3.31 0.60 0.93 0.50 3.60 
1st patient 10.13 3.44 0.62 1.02 0.46 4.59 
liver and plasma 3.41 1.03 0.95 0.71 5.27 
2nd patient 1.55 3.03 0.30 0.75 3.25 0.22 
marrow and plasma 3.21 0.41 0.62 2.01 0.41 
2nd patient 7.51 2.91 0.27 0.41 3.41 0.50 
marrow and plasma 3.01 0.37 0.31 1.90 0.63 





The investigation of products of breakdown of the pathological globulins 
by the bone marrow might give further evidence concerning the nature of this 
metabolic abnormality. Studies to this effect have been initiated. 

These data suggest that in myelomatosis, the bone marrow plays some 
part in the breakdown of the pathological globulins. This is in contrast to 
the commonly accepted hypothesis regarding the origin of the pathological 
proteins. There is also evidence that in the disease the liver may be involved 
in the synthesis of the pathological proteins. It is therefore interesting to 
recall that Waldenstrém (7) in 1946 speculated on the viral etiology of this 
disease. 
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FLUID, ELECTROLYTE, GASTROINTESTINAL, AND HAIR 
CHANGES IN ADRENALECTOMIZED-SYMPATHECTOMIZED 
DOGS! 


R. A. CLEGHORN? AND J. L. A. FOWLER 


Abstract 


Five male dogs were adrenalectomized and sympathectomized and maintained 
by adrenocortical extract for periods of weeks to months. Their general 
behavior did not differ from those subject to adrenalectomy alone, but in three 
it was observed that the hair grew long and curly. In the other two a lesser 
change may have been missed. Following withdrawal of the hormone, death 
occurred rather suddenly in three, and adrenal insufficiency developed sooner 
in the other two than in dogs only adrenalectomized. Pathological changes in 
the gastrointestinal tract were qualitatively the same following death after 
hormone withdrawal in the adrenalectomized—sympathectomized animals and in 
dogs only adrenalectomized. Blood changes appeared to be no different in the two 
groups. The urinary changes with respect to water and electrolytes differed 
in that the sympathectomized group appeared to take in less water and excrete 
less urine, but to put out more sodium and chloride, in the few days following 
withdrawal of hormone. These findings are discussed in particular with res- 
pect to the relationship of adrenergic function of the sympathetic nervous 
system and hormones of the adrenal cortex. 


Introduction 


In 1939 we reported briefly to the Canadian Physiological Society on the 
results of studies on dogs that we had sympathectomized as well as adrenalec- 
tomized (9, 13). The advent of the war and subsequently other duties that 
seemed expedient led to these results lying long in our files. From time to 
time these experiments, which exacted so much effort, were recollected with 
nostalgia but it needed the stimulus of a special occasion to reinvigorate a 
memory and provide the effort to review the data and set it in order. 

The reasons for undertaking the complicated surgical task of combining 
adrenalectomy with sympathectomy emerged from a variety of considerations. 
We had been concerned for some years with the apparent failure of sympathetic 
nerve stimulation and pressor drugs to produce the usual responses after 
adrenalectomy (1, 10), and had tried to assess the relative importance of 
tissue fluid changes in the circulatory failure of adrenal insufficiency (6, 7). 
We had also encountered the mystery of death from what appeared to be 
circulatory shock within 24 hours of double adrenalectomy, an experience 
shared by others (22). Firor and Grollman (12), however, had found that 
spinal anaesthesia permitted such an operation to be done with good survival. 
Light on the situation was supplied by Swingle and Parkins (22), who demon- 
strated that the apparently healthy adrenalectomized dog was very sensitive 
to various forms of trauma, being precipitated into a shock-like state by 
procedures easily withstood by dogs with intact adrenals. Another line of 
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work directed our thinking, namely experiments of Freeman (14) which 
indicated that continuous adrenaline infusion produced a shock-like picture 
which we believed to be similar to that seen in the acute death after the 
operation of double adrenalectomy, and the work of Freeman ef a/. (15), who 
also found that the sustained hypotension induced by haemorrhage in the intact 
dog led to a picture of congestion of gastrointestinal viscera very like that 
seen in adrenal insufficiency. In sympathectomized dogs, they found that 
sustained hypotension of the same order produced by bleeding did not lead 
to such changes because reflex vasoconstriction, and consequently a greatly 
reduced blood flow, could not occur. It seemed to us that many situations 
leading to premature death in adrenalectomized dogs, such as trauma, produced 
the shock state through activation of vasoconstrictor impulses. At the time, 
it was thought that the investigation of the problem on adrenalectomized 
dogs also sympathectomized would provide an answer to this hypothesis. 
Therefore, the work was proceeded with, and although five dogs were success- 
fully sympathectomized and adrenalectomized, the ultimate experiments we 
had in mind were never done because our attention was turned to other 
topics by the occurrence of the war. It is felt that some of the observations 
are of sufficient interest even yet to warrant being recorded, for this type of 
preparation had not previously been described, and only once since to our 
knowledge, and that in a brief note (19). 


Experimental 


Male dogs of 7 to 10 kg. weight were used. After arrival in the laboratory 
they received a vermifuge and were vaccinated against distemper. The 
operative procedures involved four or five stages. The right adrenal was 
first taken out, in most cases combined with abdominal sympathectomy. 
When the animal had recovered in 2 to 6 weeks’ time, the right thoracic 
sympathetic chain was removed according to the technique demonstrated 
to one of us by Dr. C. Heymans. When healing had occurred, the left 
sympathetic chain was removed, and following that the left adrenal gland. 
Thereafter the animal was maintained on adrenal cortical extract, ACE 
(Connaught Laboratories), and when it had attained its preoperative weight 
and was obviously well, it was placed on the standard 2% sodium chloride diet, 
which consisted of raw meat, cracker meal, bone meal, with sufficient vitamins, 
as described elsewhere (11). It should be pointed out that this is a rather 
high salt intake and that animals maintained on a diet containing less salt 
(e.g., 1%) develop adrenal insufficiency in about half the time taken by 
those on the 2% NaCl diet. After the animals had been a few days on the 
standard diet, the dose of extract was reduced from 2 ml. to 1 ml. twice 
daily for 5 or 6 days and then withdrawn. Water and food intake and 
weight and urine output were measured daily for 5 days before withdrawal of 
the extract and until the termination of the experiment, when the animal 
died or developed severe adrenal insufficiency. Blood samples were obtained 
periodically and the heart rate taken. Methods used in the estimation 
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of blood and urine constituents have been described in other publications 
(1, 7). Four of the animals were allowed to die and were autopsied. The 
fifth was revived from severe adrenal insufficiency by the use of ACE alone 
and it lived some 6 months longer. 


Results 

Appearance and Behavior 

The adrenalectomized—sympathectomized dogs showed the usual mani- 
festations of deprivation of their sympathetic nervous tissue, e.g. ptosis, 
relaxation of the nictitating membrane, warm dry nose, priapism, and a 
significantly slower heart rate than their non-sympathectomized adrenalec- 
tomized fellows. Otherwise they behaved normally, ate eagerly, and were 
active, and some even fought fiercely when the opportunity offered. They 
were easily maintained by injections of ACE, one (No. 5) for 6 months after 
it had been resuscitated from severe insufficiency by adrenal cortical extract. 
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Fic. 1. Adrenalectomized-sympathectomized dog No. 5. Picture taken some 
months after last operation. Hair longer and curlier than before operations, Patch 
of hair shaved on side for injection purposes. 
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The others were allowed to die when extract was withdrawn. One singular and 
completely unanticipated finding was observed in three of the dogs, being 
first noticed some weeks after the last operation. In these the hair had 
obviously grown long and curly and seemed finer. No quantitative comparison 
could be made to the preoperative state, because no particular note had 
been made of the hair, and this qualitative finding is being reported simply 
as an incidental observation. The hair growth in the other two may have 
been altered, but we have no means of knowing as it was not described at 
that time. Table I details the order of the operations in terms of days 
after the first one, designated zero. It also indicates the three animals in 
whom the hair was observed to change. 


Development of Adrenal Insufficiency 

The duration in days required for the development of death or of severe 
adrenal insufficiency of the five adrenalectomized—-sympathectomized dogs 
after withdrawal of ACE is summarized in Table II, which also describes 
the eating habits in the latter days, and weight loss. The duration of the 
survival of these dogs averaged 6.6 days. This should be compared to the 
survival period of 11 to 13 days of seven dogs, only adrenalectomized, on a 
similar diet (7). It is noticeable in Table II that three of these dogs ate 
well within 12 hours of death, which is not usual for adrenalectomized dogs 
whose food intake generally declines for a few days. There seem to have been 
fewer of other premonitory signs of impending death, and three died during 
the night. The weight loss at the time of death or crisis averaged 374 g., 
compared to an average loss of 647 g. of seven dogs itemized in Table I of the 
paper previously referred to. It would appear, therefore, that the survival 
period after withdrawal of extract is about halved by the associated surgical 
procedure of sympathectomy, and that death occurred with about a 40% 
less weight loss on the average. Three animals died unexpectedly and with 
little warning, e.g. Nos. 1, 2, and 3 only. In dog No. 4 only was a severe 
bradycardia observed, with a rate of 28 for some 2 hours preceding death. 


TABLE II 
THE DEVELOPMENT OF SEVERE ADRENAL INSUFFICIENCY (CRISIS OR DEATH) 


IN ADRENALECTOMIZED-SYMPATHECTOMIZED DOGS. ‘TIME IN DAYS AFTER 
ACE WITHDRAWN AND WEIGHT LOSS AT TIME OF CRISIS OR DEATH 











Dog No. Days Food eaten Weight loss, g. 
1 4.5 None on last two days 330 Death 
2 5 All eaten 12 hours before crisis 380 Death 
3 6.5 All eaten 12 hours before crisis 0 Death 
+ 8.5 All but 50 g. eaten 12 hours before crisis 430 Crisis 
5 8.5 Diminishing amount for 4 days 750 Crisis 





Gross Pathological Findings 

All the four dogs dying in adrenal insufficiency showed intense congestion 
of the fundic mucosa of the stomach and of the pancreas. Two showed 
prepyloric ulceration in the stomach and one, some free blood in the large 
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bowel. In three instances there were traces of the right and left stellate 
ganglion, but no peripheral strands. It would appear, therefore, that the 
usual gastrointestinal congestive changes occurring in adrenal insufficiency 
may do so in the absence of the sympathetic vasoconstrictors. The heart 
of No. 1 presented a mottled appearance like that observed in other adrenal- 
ectomized dogs reported by us as showing coronary occlusion (17). 


Blood Changes 


It is not possible to make an accurate comparison between the blood changes 
occurring in the adrenalectomized—sympathectomized dogs and the dogs 
only adrenalectomized (7) for various reasons, one being our failure to get 
blood samples in all the dogs when they were manifestly in crisis. Control 
values before ACE was withdrawn and the latest values obtained on the 
five dogs are shown in Table III. The direction of change is the same as 
in dogs only adrenalectomized. The highest N.P.N. values occurred for 
the two dogs from whom blood was obtained when they were in severe 
insufficiency, 8.5 days after withdrawal of ACE. Unfortunately, the serum 
for potassium estimations was lost. 


TABLE III 


BLOOD VALUES OF ADRENALECTOMIZED-SYMPATHECTOMIZED DOGS 
VALUES BEFORE AND AFTER WITHDRAWAL OF ACE 





























Sodium, meq. N.P.N., mg. % Haematocrit, % 
a re —_-  — —— Time of 

Dog No. Before After Before After Before After “after” sample 

1 152 143 40 65 37 42 26hr. before death 

2 160 147 35 51 42 44 36 hr. before death 

3 152 150 36 56 32 54 56hr. before death 

4 147 142 38 101 43 51 In crisis 

2 152 140 30 133 38 45 In crisis 





Fluid Exchange and Urine Electrolytes 

There was a sharp increase in the urine output with no corresponding 
increase in water intake the day after withdrawal of ACE. Thereafter the 
urine output tended to fall gradually and the water intake to rise. Table IV 
shows that the average daily water intake in the dogs only adrenalectomized 
was definitely greater in the post-ACE period, as was the amount of urine 
excreted. This table also shows that the average daily sodium and chloride 
output increased more in the sympathectomized animals in the post-ACE 
period during which these measurements were made. In the 5 days after with- 
drawal of ACE, the sympathectomized group showed an average loss for 
sodium of 11.2 meq. and for chloride of 8.7 meq., whereas the dogs only 
adrenalectomized averaged losses of 6.2 meq. for sodium and 2 meq. for 
chloride. 
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Discussion 


Our original opinion, based on the evidence cited in the introduction to 
this paper, was that trauma of various sorts sets up reflex vasoconstriction 
and that this has a deleterious effect if too prolonged, and that adrenalecto- 
mized animals are especially sensitive to such an influence. This attitude 
has received strong support from a variety of work published since our oral 
communications in 1939 (9, 13). Swingle and his associates (18) showed 
that infiltration of the sympathetic plexus around the adrenals with local 
anaesthetic, spinal anaesthesia, or spinal section below T1 and T2 made it 
possible for dogs to survive the operation of double adrenalectomy. These 
workers (20) were strongly of the opinion that prolonged vasoconstriction 
led to pooling and stagnation of blood, anoxia, and increased capillary perme- 
ability, and that untreated adrenalectomized dogs were more susceptible to 
these changes following haemorrhage and other trauma involving nervous 
elements in the splanchnic area than intact or hormone treated adrenalec- 
tomized animals. This opinion seems to have been borne out by later work 
of Chambers and Zweifach (4, 5), who first visualized and demonstrated 
the fact of arteriolar atony developing with adrenal insufficiency in the 
mesoappendix of the rat. Levine (16, 21) and his co-workers advanced 
understanding of this topic showing that adrenocortical glucosteroids 
are necessary for the response of small blood vessels to norepinephrine and 
necessary to prevent the production of circulatory stasis and unrespon- 
siveness produced in small vessels by large amounts of norepinephrine. 
In addition, they showed that the adrenergic blocking agent Dibenamine 
protected adrenalectomized rats against the circulatory stasis produced 
by formalin. These data would appear to suggest that activity of the 
adrenergic sympathetic system puts a demand on adrenocortical secretion. 
Another line of evidence which supports such a contention may be adduced 
from the experiments of Lockett (19), who, in a brief note, described her 
finding that sympathectomized—adrenalectomized bitches required less 
adrenocortical hormone for maintenance than dogs only adrenalectomized. 
Furthermore, she stated that the hormone requirement of the sympathecto- 
mized group actually diminished with time. 

The fact that the adrenalectomized—sympathectomized dogs did not live 
as long after withdrawal of hormone as others subject only to adrenalectomy 
is understandable in the light of the loss of function of the vasomotor system 
for readjusting the circulation to favor heart and brain when the blood 
volume is depleted. The apparent suddenness of death in three—Nos. 1, 2, 
and 3—following withdrawal of extract is further evidence in favor of this 
view. The blood chemical changes seem to have been quite marked, but 
since death can occur with normal electrolyte levels in adrenalectomized 
animals, one can hardly invoke more or less severe changes in these constituents 
as decisive in determining the earlier deaths. It is of signal interest that the 
post-mortem changes in the gastrointestinal tract of the sympathectomized 
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animals were qualitatively as severe at death as in most dogs only adrenal- 
ectomized. One may conclude that reduction in blood flow due to vaso- 
constriction is therefore not a factor in the production of these congestive 
changes. Grossly more marked congestion and haemorrhage in the intestinal 
tract of adrenalectomized dogs has only been seen by us in those long 
maintained on a high sodium chloride, low potassium diet. Only one instance 
of severe bradycardia was observed in the present series, and one heart 
which had the appearance of infarction was seen. Such changes have been 
described by us elsewhere (8, 17) as occurring quite commonly in dogs dying 
of adrenal insufficiency after maintenance on a 2% NaCl diet. 

The striking increase in hair growth observed in three of our sympath- 
ectomized—adrenalectomized dogs was never before observed by us in other 
dogs subject only to adrenalectomy. Since we made these observations, 
our attention has been directed to the work of Butcher (2, 3), who showed 
that in the young rat the growth of the second coat of hair, which appears 
about the 38th day, can be accelerated by about 4 days by adrenalectomy 
at the 22nd to 25th day of life. Furthermore, it was found that the adminis- 
tration of small amounts of thyroxin to the adrenalectomized rats further 
advanced the hair growth. Much larger amounts of thyroxin were required 
to produce a similar effect in normal rats. This author related the increased 
hair growth to a greater oxygen consumption of the skin of rats adrenal- 
ectomized 2 to 3 days previously (3). These findings can only be applied 
most tentatively in helping to explain our findings, because it seems that 
it was the factor of sympathectomy added to adrenalectomy which led to 
the excessive hair growth in our dogs. It may be pointed out that this 
operation probably leaves the skin circulation at a constantly higher level 
than in animals with intact sympathetic. 

The marked changes noted in the urinary excretion warrants comment. 
There appears to have been relatively less increase in water intake and urine 
output, but a greater excretion of sodium and chloride in the sympathec- 
tomized group. This is presumptively a significant difference and dependent 
on the absence of the modifying influence of adrenergic sympathetic fibers 
to the kidney during the process of events following withdrawal of ACE. 
This finding suggests that the action of the sympathetic on the kidney leads 
to conservation in the excretion of sodium and chlorine. Consequently 
the decline in the blood volume in the sympathectomized dogs may have 
been more rapid than in the dogs only adrenalectomized. 
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THYROTROPHIN ASSAY BY PLASMA I! MEASUREMENTS! 


D. D. ApAms AND H. D. Purves 


Abstract 


The thyrotrophin assay, based on measurement of the effect of the hormone 
in causing a rise in the lasma I" level of thyroxine injected guinea pigs, has 
been studied further. The dose-response relationship from 0.0001 to 0.015 
International Units of thyrotrophin is described. It is directly proportional 
from 0 to 0.0006 1.U., and closely approximates linearity over any threefold range 
of dosage from 0. 0006 to 0.015 I.U. A modified design for the assay is suggested, 
embodying this knowledge of the dose-response relationship and the use of a 
Latin — arrangement to eliminate much of the unwanted variation. The 
proved limit of detection is 0.0001 I.U., the minimum concentration detectable 
being 0.00005 I.U. per ml., when 2 ml. of test material is injected. Accurate 
assays can be performed with small numbers of animals. 


Introduction 


We have made a further study of the characteristics of the thyrotrophin 
assay method described in a previous publication (2). The method entails 
the labelling with I'*' of the iodine compounds in the thyroids of guinea pigs, 
and the inhibition of the animals’ endogenous thyrotrophin secretion by the 
daily injection of adequate amounts of thyroxine. The administration of 
thyrotrophin to animals so treated causes a rise in the plasma I" level, owing 
to the release of labelled iodine compounds (mostly thyroxine) from the 
thyroid. The magnitude of the rise in the plasma I" level is used as the 
index of the amount of thyrotrophin injected. The thyrotrophin being 
assayed is injected intravenously, because, by this route, it gives both larger 
and more uniform responses. 

We describe here the dose-response relationship of the assay and the 
modified statistical design suggested by it, together with some technical 
improvements. 


Methods 
(a) General Procedure 
(7) Selection of Guinea Pigs 
When maximum sensitivity is required, animals of about 200 g. body weight 
are most suitable. For other assays animals of about 300 g. body weight are 
better because the intravenous injections are made more easily in the larger 
animals. The sex of the animals makes no difference. 


(it) Diet of the Guinea Pigs 

This consists of a daily ration of cabbage or lettuce and a dry mash contain- 
ing equal parts of bran, pollard, and crushed oats. The animals have nothing to 
drink, their water coming from the green food. They are bred on the premises, 
the breeding animals receiving the same diet plus wheat germ. 

‘Manuscript received June 17, 1957. 
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(1it) Dose of I*! 

Three microcuries per 100 g. body weight is given intraperitoneally, initially. 
Twenty-four hours later the thyroid I'*' content is determined by placing the 
anaesthetized animal on a ? in. lead plate with its thyroid over a window 
situated above a lead-cathode Geiger—Muller tube. This im vivo thyroid 
counting arrangement was originally calibrated as follows. An in vivo count 
was made. Then the animal was sacrificed, its thyroid excised and brought 
into solution with pepsin in a small standard source bottle which was then 
counted. The count from the bottle was compared with that from a known 
amount of I'*! in another bottle of the same dimensions. This enabled the 
thyroid counter to be calibrated in terms of counts per minute per microcurie 
in vivo. 

If the guinea pig’s thyroid I'*' uptake is found to be less than 20%, the 
animal is given a further amount of I|'*!, calculated to make the final ['*! 
content of the thyroid equal to approximately 1 wc. per 100 g. body weight. 

In Dunedin the 24-hour thyroid uptakes range from 15-60% of the dose 
given. 

(iv) Dosage of Thyroxine 

Daily thyroxine injections are started immediately after the 24-hour 
thyroid I'*! count, if it is above 20°, otherwise immediately after the supple- 
mentary dose of I". We now give a single daily injection of 40 wg. L-thyroxine 
to each animal. 

The time sequence of preparation is, therefore: 

Thursday: 1"! given. 

Friday: Thyroid count. Supplementary I"! if necessary. 
Thyroxine injections start. 

Monday: First day of injection of test material. 

(v) Bleeding the Guinea Pigs 

This is done from the ear vessels as described (2), and presents no difficulty 
provided the material being assayed is not toxic. We now collect 0.5 ml. 
blood into a centrifuge tube marked for this volume and containing a few 
grains of freeze-dried heparin at the bottom. The animals are bled 
immediately before injection of the material being assayed, and again 3 hours 
later. When we are looking for abnormal thyrotrophin a further sample of 
blood is collected 18 hours after the injection. 

(vi) Intravenous Injection of the Guinea Pigs 

This, also, we do exactly as previously described (2). Figs. 1 and 2 show 
the techniques for the left and right ears. We can now perform these injec- 
tions with almost complete certainty. Only about one injection in a hundred 
is imperfect. It takes several months’ practice, however, to acquire this skill. 

Using a 1 ml. tuberculin syringe, one can inject 2 ml. by making successive 
injections into both of the ears, provided that the anterior vessels are used for 
injecting and a posterior vessel is used for the bleeding. Otherwise the 
injected material tends to escape out of the freshly-sealed vascular hole which 
was made for the bleeding. 
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Fic. 1. The technique for intravenous injection, using the guinea pig's leftear. The 
unanaesthetized, warmed guinea pig, wrapped in a warm cloth is being held by an assistant. 
The left index finger and thumb of the injector, who is seated facing the assistant, can be 
seen stretching the ear over the end of the perspex reflecting rod, the other end of which is 
adjacent to an electric light bulb. The needle lies in the vessel, and is being held steady 
by pressure downwards on to the injector’s thumb. 

Fic. 2. The technique for intravenous injection, using the guinea pig's right ear. The 
injector’s left index finger cannot be used effectively, so the ear is stretched between the 
injector’s left thumb and the assistant’s left index finger. Again the needle is being 
steadied on the injector’s thumb. 


(b) Counting the Plasma 


We now do this by drying 0.2 ml. of plasma on to 1 in. diameter planchets, 
with a slightly cupped surface.* The drying takes place slowly in open air 
at room temperature assisted by radiation from an overhead lamp, 1 ft. above. 
The planchets are counted under a 2 in. diameter end-window Geiger— Muller 
tube,t housed in lead shielding which also encloses the planchet being counted. 
The arrangement gives 580,000 counts/minute/microcurie, and the back- 
ground is 36 counts /minute. 

Guinea pig plasma samples taken immediately before the first injection of 
the material to be assayed give net counts of the order of 100/minute /0.2 ml. 
plasma. 

Our difficulties with the lifting of plasma films from the surface of the 
planchet (2) have now disappeared, possibly because we continuously reuse 
the same planchets, cleaning them after use simply by wiping under water. 


*General Electric Co., England. 
t2B. 7, General Electric Co., Enzland. 
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(c) Separation of Protein-bound Iodine from Plasma 

This was done according to the method of Dougherty, Gross, and Leblond 
(5), except that the protein was precipitated only once. The washed 
precipitate of 0.1 ml. plasma was dissolved in 0.2 ml. of 2% NaOH, dried on a 
planchet, and counted in the same way as the unfractionated plasma. 


(d) Storage of Sera and Dispensing of Standard Preparations 

Sera to be assayed were stored in a frozen or freeze-dried state, in ampoules, 
some of which contained the amount for single injections only, i.e. 1.1 ml. 
We made a supply of ampoules, some containing 0.0012 I.U. and others con- 
taining 0.015 I.U. of thyrotrophin standard. In preparation for freeze-drying, 
the standard was dissolved in 2% rat serum in water, to provide carrier protein. 
It had been found that high dilutions of the standard, not containing carrier 
protein, sometimes lost their activity. Having small amounts of standard 
thyrotrophin in this form greatly facilitates its use for comparison with 
unknowns. 


(e) Responses 

The response of each guinea pig to the thyrotrophin injection is the difference 
between the guinea pig’s plasma I'*! level immediately before the thyrotrophin 
injection and 3 hours later at the time of the expected maximum level, 
for normal responses. We express the responses as percentages of the 
animal’s plasma I'*! level immediately before the first thyrotrophin injection 
of the assay. This partially corrects for variations in thyroid I uptake 
between the guinea pigs. 


(f) Statistical Design 

We use a Latin square design which enables us to make corrections for both 
the varying sensitivity of different animals and the varying sensitivity of 
individual animals on the successive days of the assay. The following 
description of a dose response assay illustrates the procedure: 


(1) The Latin Square 

A 6X6 design was used, six animals each receiving one injection of 
thyrotrophin every day for six successive days. Thus, each animal gave six 
responses. Three doses were compared in the assay, so there were 12 
responses for each dose. Each animal received two injections of each dose, 
and each dose was given twice every day. Within these limits the doses were 
randomized (Table 1). 


(11) Removal of Day and Animal Variation 

Having completed the Latin square, we calculated correction factors for the 
variation between days. First, for every day, we found the sum of all the 
responses obtained on that day. From these “day sums” we calculated the 
mean day sum, and this was divided in turn by each of the individual day sums 
to give the correction factors for each day (Table II). Then every response 
for each day was multiplied by the correction factor for that day, this making 
the day sums all equal (Table III). 
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The ‘‘day-corrected’”’ data were subjected to a similar process to remove 
the variation between animals, giving the final day-corrected and animal- 
corrected data (Table IV). The responses were then grouped according to 
the three doses, and the means and limits of error for each dose were deter- 
mined and are shown in Fig. 5. 


TABLE I 


LATIN SQUARE OF ASSAY 48, SHOWING DISTRIBUTION OF DOSES 

















Days 
1 2 3 + 5 6 
Animal 1 . A B A C B 
= oe B c A C B A 
= 2 A B G B A ss 
= -«& oe B A B Cc A 
S 3 B A c A B 
= ££ A C B Cc A B 
A = 0.0006 I.U. of thyrotrophin. 
B = 0.0025 I.U. of thyrotrophin. 
C = 0.005 1.U. of thyrotrophin. 
TABLE II 


RESPONSES FROM ASSAY 48, SHOWING DAY CORRECTION FACTORS 














Days 
1 2 3 4 5 6 >> 
Animal 1 267 34 149 21 173 82 726 
i 2 150 233 42 190 119 31 765 
955 3 103 229 306 209 83 316 1246 
ae 580 360 109 301 432 69 1851 
= 294 54 299 54 143 230 1074 
” 6 130 341 236 340 66 162 1275 
Day = 1524 1251 1141 1115 1016 890 6937 


Day C.F. 0.759 0.924 1.013 1.037 1.138 1.299 X=1156 





TABLE III 


RESPONSES FROM AssAY 48, CORRECTED FOR VARIATION BETWEEN DAYS, 
SHOWING ANIMAL CORRECTION FACTORS 














Days 


_ 
bho 


3 4 5 6 = a 


Animal 


“ 


iid 15 43 197 135 40 744 1.554 
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TABLE IV 
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RESPONSES FROM ASSAY 48, CORRECTED FOR VARIATION BETWEEN 


DAYS AND BETWEEN ANIMALS 

















Days 
1 2 3 4 $s 6 > 

Animal 1 330 50 245 36 320 174 1155 
=n oe 177 334 67 306 210 62 1156 
 s 68 186 271 190 82 359 1156 

_ 286 217 72 203 320 59 1157 

- ao 236 = 320 59 172 316 1156 
=? 89 282 214 315 67 188 1155 

p> 1186 1122 1189 1109 1171 1158 6935 





The animal variation may be removed before the day variation, the reverse 
of the order described above, without altering the value of the corrected mean 
responses to the three doses. 

When the material injected contains no thyrotrophin, then the plasma [?*! 
level is lower at 3 hours than before the injection, giving a ‘“‘negative response’. 
A Latin square containing many negative responses must be coded if the day 
and animal corrections are to effect a reduction in the variation. Subsequently 
the corrected data are decoded. Coding is done by subtracting the negative 
response to the saline injection for each animal from all the responses given by 
that animal. This makes the 
animal corrections, therefore, 


‘“‘responses”’ to saline equal zero. The day and 
do not change these values, which, being 
independent of the sensitivity of the animal to thyrotrophin, should not be 
included in the corrections. Where animals have received two saline injections 
each, as in the assay shown in Fig. 3, we consider it permissible to subtract 
either the mean of the two negative responses to saline, or the individual 
negative response for the appropriate half of the Latin square, whichever 
removes the negative values the more completely. 

Negative values for responses, therefore, can be removed only if saline 
injections have been made in addition to the injections of test material. One 
or two small negative values in a 6X6 Latin square (two occurred in the assay 
shown in Fig. 4), however, can be ignored. 


Results 


(a) The Dose-Response Relationship 


Figs. 3-7 show the dose-response relationship in terms of the International 
Unit (1.U.). The scales in Figs. 3-6 are proportional, so the slopes of the 
dose-response line are comparable from figure to figure. Figs. 3-6 show the 
dose-response relationship from 0 to 0.015 1.U. Fig. 6 shows also the smoothed 
line for the whole range from 0 to 0.015 I.U. The smoothed line was drawn 
by eye on the log dose-response graph shown in Fig. 7, and it was redrawn on 
Fig. 6 by reading off its values in Fig. 7. 
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It is seen that the dose-response relationship closely approximates a straight 
line, starting at a negative response of —4%, for doses from 0 to 0.0006 I.U. 
This means that over this dosage range the response, corrected for the slight 
fall in plasma I" given by the saline controls, is directly proportional to 
the dose. 

Between doses of 0.0006 and 0.015 1.U. the dose-response line curves slowly 
downwards. The curvature is slight and linearity is closely approximated 
over any threefold range of dosage between 0.0006 and 0.015 I.U. 


) 


Response 
rise in plasma |'* 


(Corrected % 








Dose in milli-units International Standord 


Fic. 3. The dose-response relationship from 0 to 0.00035 I.U. of thyrotrophin. Six 
guinea pigs (mean body weight 211 g.) were used on six days. The responses have been 
corrected for animal and day variation, after coding as described in the text. Fiducial 
limits for P = 0.05 are shown. 











100 > 
90; 
o| 4 
a 
—- 2 
E 
E 60+ 
a 
»& 507 
“we 
co 407 
* 0 
_~ 
ae 304 
3 
3 20+ 
= 10+ 
LY 
ie) 
-|\Oo+-——— 
Oo Ql Q35 O06 


Dose in milli-units International Standard 


Fic. 4. The dose-response relationship from 0.0001 to 0.0006 I.U. of thyrotrophin. 
Six guinea pigs (mean body weight 185 g.) were used on six days. Fiducial limits 
(P = 0.05) for the animal- and day-corrected responses are shown. 
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(b) The Limit of Detection 

From Fig. 3 it can be seen that 0.0001 I.U. gives a response of 3.5% compared 
with the baseline level of —4% given by injections of saline. The P value for 
this difference is <0.01, showing that a dose of 0.0001 I.U. can be detected 
unequivocally. As it is possible to inject 2 ml. of test material, the minimum 
concentration detectable is 0.00005 I.U. per ml. 


(c) Protein-Bound I*! Measurements 

For several assays we measured the protein-bound I'*! (PBI'*') in the guinea 
pigs’ plasma, to see if this would give more accuracy or sensitivity than 
measurements of the total plasma I"'. The PBI"! content of the guinea pigs’ 
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Fic. 5. The dose-response relationship from 0.0006 to 0.005 I.U. of thyrotrophin. 
Six guinea pigs (mean body weight 212 g.) were used on 6 days. Fiducial limits (P = 
0.05) for the animal- and day-corrected responses are shown. 

Fic. 6. The dose-response relationship from 0.005 to 0.015 I.U. of thyrotrophin. Six 
guinea pigs (mean body weight 211 g.) were used on 6 days. Fiducial limits (P = 0.05 
for the animal- and day-corrected responses are shown. 

In addition, the points for the assays covering the dosage range 0 to 0.005 I.U. are 
shown, together with the smoothed line covering the whole range from 0 to 0.015 I.U. 
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plasma, immediately before the first thyrotrophin injection of an assay, ranged 
from 50% to 95% and averaged 80% of the total plasma I". The PBI! 
responses averaged about 85% of the total plasma I"! responses, both being 
expressed as absolute values and not as percentages of the preinjection level 
on the first day. Furthermore, the PBI" responses were not appreciably 
more accurate. We concluded that there was no advantage in measuring the 
PBI'*', and reverted to the simpler total plasma I"! measurements. One 
interesting result, however, was the observation of a rise in I" iodide con- 
currently with the increase in PBI". 
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Fic. 7. The responses plotted against the logarithms of the doses. The points for all 


the assays, and the smoothed line for the dosage range 0.0001 to 0.015 I.U. of thyrotrophin, 
are shown. 


(d) The Toxicity of Human Serum to Guinea Pigs 

Human serum is often toxic to guinea pigs, the manifestations of this ranging 
from a slight haemolysis of the red blood cells, with no visible systemic effect, 
to death within a few minutes and gross haemolysis of the red cells. 

Dialysis against saline removes; this toxicity, which may be due to serotonin 
or an allied substance. Vasoactive substances from serum have been reported 
to produce marked bronchoconstriction in the guinea pig (4). 


(e) Abnormal Thyrotrophin in Human Sera 

Some human sera (so far all from cases of thyrotoxicosis) contain a thyroid- 
stimulating substance which has a different time course of action from the 
thyrotrophin in pituitary extracts and in sera from hypothyroid rats and 
humans (1, 3). In the case of these sera containing the ‘abnormal thyro- 
trophin’’, the maximum plasma I"! level is found at about 18 hours after 
injection, as compared with 3 hours for normal thyrotrophin. On electro- 
phoresis, the abnormal thyrotrophin behaves like normal thyrotrophin, being 
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found in the gamma globulin fraction. The abnormal thyrotrophin, and the 
modification of the assay for detecting and measuring it, are being described 
fully elsewhere. 


Conclusions 


1. The Directly Proportional Range of Dosage 

For doses of thyrotrophin less than 0.0006 I.U. the assay can be used on the 
assumption that the response is directly proportional to the dose. Therefore, 
below 0.0006 I.U. a single dose of standard can be compared directly with a 
single dose of unknown. 


2. The Linear Range of Dosage 


For doses of thyrotrophin ranging from 0.0006 to 0.015 I.U. the assay can 
be used on the assumption that the dose-response relationship is linear over 
any threefold range of dosage, or, where great accuracy is desired, over any 
twofold range of dosage. 

A suggested method of using the assay, in this range of dosage, when a 
single unknown is to be compared with a standard preparation is as follows: 

Two doses of standard, e.g. S and 3S, are used. The response to the 
unknown, U, must fall between the responses to the two doses of standard, 
and a preliminary assay may be necessary to ensure this. A Latin square is 
constructed, for example: 


Day 1 Day 2 Day 3 
Animal 1 U 3S S 
2 S U 3S 
3 3S S U 
4 U S 3S 
5 38 U S 
6 S 3S U 


The responses are corrected for animal and day variation, and the potency 
of U can then be determined graphically, or by the equation: 


Y=a +bX 


where Y is the response, X is the dose, and b is the slope. The equation is 
solved using the data for S and 3S, enabling U to be determined, for example: 


DosE RESPONSE 
1 milliunit standard (S): 120% 
; * “ (3S): 320% 
Unknown (U) 200% 
320 —120 
120 = a +—>——— 
3-1 
and a= 20.6 = 100. 


200 = 20 + 100 U 
and U = 1.8 milliunits. 
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3. The Optimum Working Range of Dosage 

This lies between 0.001 and 0.005 I.U. Below 0.001 I.U. the errors are 
large in proportion to the size of the responses and above 0.005 I.U. the errors 
again rise proportionately, owing to several causes including decreasing 
steepness of the dose-response slope. Other causes are depletion of the 
thyroid 1'*' content by the early doses, diminishing the responses to the 
subsequent doses, and a steeply falling plasma I'*' baseline. 


Discussion 


While the method is very accurate when used with a proper statistical 
design and, where necessary, control injections of saline or standard, one must 
beware of placing much confidence in single responses. Anything can happen 
once, or even twice. Nevertheless, the assay is admirably suited for use in 
conjunction with work on the chemical properties of thyrotrophin, since it is 
possible to obtain rough answers from two or three prepared animals within 
a day. 

The slope of the dose-response line varies from animal to animal, and were 
the standard given to one group of animals and the unknown to another 
group of animals, it would be necessary to estimate the slope for both the 
standard and the unknown. With the Latin square design, however, the 
responses to standard and unknown are obtained from the same animals and 
so must have the same slope. That is why it is unnecessary to give two doses 
of unknown, the slope for both unknown and standard being determined by 
the responses to the two doses of standard. 

If the doses of standard and unknown are closely matched, so that they 
give responses very nearly equal, then the exact shape of the dose-response 
line becomes less important. An example of this was our comparison of U.S. 
Pharmacopoeia thyrotrophin with the International Standard thyrotrophin 
(2). Although we used doses ranging from 18 to 62.5 micrograms of the U.S. 
Pharmacopoeia thyrotrophin, doses which we now believe to be above the 
range of direct proportionality, the mean responses which were used to compare 
potencies were all within a factor of 1.5 of each other, and no departure from 
direct proportionality was demonstrable. 

We suspect that the sensitivity of the guinea pigs is dependent on the 
iodine content of their diet and that of their mothers. A low iodine intake 
results in a low total I'*7 content of the thyroid and consequently high specific 
activity of the iodine in the animals’ thyroids. The iodine content of the soil 
and water in New Zealand is low compared with that of most other countries, 
so the cereals and green food of our animals’ diet may be unusually low in 
iodine content. We have given the figures for the 24-hour thyroid I'*' uptakes 
by our animals (see ‘‘Methods”’). If animals in other countries have similar 
I's! uptakes, then they should give similar results. 

The direct proportionality of the dose-response relationship at the lowest 
dosage levels makes the method especially favorable for assaying weak 


materials, such as human sera. The method is not sufficiently sensitive to 
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measure the level of thyrotrophin present in unfractionated serum from 
euthyroid people. It is the only method, so far described, which is capable of 
distinguishing the abnormal from the normal thyrotrophin. 
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AMINO ACIDS IN THE BLOOD AND URINE OF NORMAL AND 
ARTHRITIC SUBJECTS BEFORE AND AFTER A GLYCINE LOAD 
GIVEN WITH AND WITHOUT ADRENOCORTICOTROPIN' 


J. B. DERRICK AND AUDREY P. HANLEY 
In collaboration with D. BocKING 


Abstract 


Observations have been made on the specific free amino acids (chromato- 
graphic analysis) and other nitrogenous constituents in the serum and urine of 
normal and arthritic men under controlled dietary conditions, before and after a 
glycine load and adrenocorticotropin administered separately and together. 

Differences in the metabolism of amino acids between normal individuals and 
arthritics, particularly of alanine, proline, glutamic acid, taurine, and possibly 
tyrosine (and/or tryptophan) and cystine, were apparent. The differences 
were largely confined to the non-essential amino acids. Concomitant increases 
seen in the serum levels and in the excretion of several amino acids, in response 
to a load of a single amino acid, indicate that the increases in excretion are 
more than a matter of competition for reabsorption in the kidney. A prerenal 
phenomenon appears to be involved, possibly interconversion of amino acids. 
This concept is supported by the evidence that the increases in the serum 
levels were restricted to the non-essential amino acids. 


Introduction 


Both qualitative and quantitative differences have been reported in the 
plasma and urinary excretion ‘‘patterns’’ of amino acids of normal and arthritic 
individuals (5). Other work has indicated that adrenocorticotrophic hormone 
or cortisone administration causes changes in the plasma and urinary amino 
acids of arthritic individuals, which either are not observable in similarly 
treated normal control subjects or are of strikingly less degree (4). 

Paralleling this work have been a number of studies on the renal clear- 
ance of various amino acids (3,9,11). In general, these studies indicate (a) 
that a competition for reabsorption exists between individual amino acids and 
(6) that an increased load of a single amino acid usually results in the increased 
excretion of several amino acids. The data, however, do not appear to be 
readily consistent with a concept of a single reabsorptive mechanism for all 
amino acids (9). 

The use of an investigational technique incorporating the administration, 
singly, of “‘load’’ quantities of the various amino acids that have been shown 
to increase the excretion of various groups of amino acids, either by inhibiting 
their reabsorption or by some other unknown mechanism, might well serve to 
emphasize some of the elusive differences in the excretion patterns of normal 
and arthritic individuals reported in other studies. We chose glycine as 
the first of the amino acids to be studied for load effects, not only because 
it is easily obtainable in pure form and relatively simple to administer orally, 
but because it is one of the group of ‘‘neutral’’ amino acids which have 


‘Manuscript received June 14, 1957. 

Contribution from the Clinical Investigation Unit, Westminster Hospital, Department 
of Veterans’ Affairs, London, Ontario, Canada. This work was aided by a grant from the 
Canadian Arthritis and Rheumatism Society to Drs. Derrick and Bocking, Faculty of Medicine, 
University of Western Ontario, London, Ontario, Canada. 
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been shown to have marked effects on the excretion of several other amino 
acids (11). Further, it has been reported that the metabolism of glycine in 
rheumatoid arthritics and gouty individuals differs from the normal (1,13). 
An increased requirement for glycine in arthritics has been postulated by 
some investigators (13) and the utilization of glycine, as well as the excretion 
of amino acids, has been shown to be influenced by adrenocortical activity 
(2,15). 

In this study, normal individuals have been compared with patients 
suffering with rheumatoid arthritis, gout, and Marie-Strumpell spondylitis. 
Observations have been made on the uric acid, creatinine, urea, ammonia, 
non-protein nitrogen, amino nitrogen, and specific amino acids (chromato- 
graphic analysis) in the serum and urine under controlled dietary conditions, 
before and after adrenocorticotrophic hormone and a load dose of glycine 
administered separately and together. 


Experimental Procedure 


The normal group consisted of six males between 30 and 45 years of age, 
four of them nursing orderlies and two mildly neurotic patients undergoing 
psychotherapy. The arthritic group consisted of three patients with 
rheumatoid arthritis, three with gout, and two with Marie-Strumpell spondy- 
litis. Age in this group ranged from 36 to 74 years (Table I). 


TABLE I 
CLINICAL DATA 











Group Patient Age Clinical summary 
R D 74 Progressive symmetrical involvement of peripheral 
(Rheumatoid joints since 1942. E.S.R. 55 mm./hr. On salicylate 
arthritics) gr. XV q.i.d. 
E 56 Symmetrical polyarthritis since 1942. E.S.R. 30-50 
mm./hr. On salicylate gr. XV q.i.d. 
H 61 Symmetrical arthritis of wrists, shoulders, and 
ankles since 1945. E.S.R. 36 mm./hr. On salicylate 
gr. XV q.i.d. 
B 47 Gouty arthritis. Increasing pain, stiffness and 
(Gouts) occasional swelling in ankles and feet since 1953. 
ee uric acid 5.0 mg.%. On salicylate gr. X 
q.i.d. 
I 71 Recurrent acute gouty arthritis in feet since 1953. 


Tophus in each ear. Serum uric acid 7.9 mg.%. 
On digitalis and amesec tablets 


N 37 Recurrent acute gouty arthritis in feet for 3 years. 
Serum uric acid, 10.0 mg.%. G.S.W. left ne- 
phrectomy. Colchicine gr. 1/100 q.i.d. On salicyl- 


ate p.r.n. 
S J 38 Marie-Strumpell’s spondylitis. Onset of pain and 
(Marie- stiffness in back in 1945. E.S.R. 34 mm./hr. 
Strumpell On salicylate gr. X q.i.d. 
spondylitics) 
M 36 Sacroiliac arthritis. Increasing pain and stiffness 


in lower back since 1942. E.S.R. 7 mm./hr. 
X-ray-sclerosis of S-I joints 
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All subjects were placed on closely similar, controlled diets of from 2500 to 
3000 calories daily, containing 80 to 100 g. protein and an adequate vitamin C 
intake, at least 3 days before studies were begun. The experimental period 
usually lasted about 3 weeks. Between the experimental days the subjects 
were maintained on a diet the same as, or closely approximating, that given 
on the day preceding, and during, the experimental days. Control measure- 
ments, beginning at breakfast time, were obtained on the first day. On the 
second day of the experiment, glycine, 0.62 g. per kg. was administered 
orally in the large glass of grapefruit juice given with breakfast to all subjects. 
This amount was found by experience to be about the maximum dose which 
could be given without producing nausea. Adrenocorticotrophic hormone* 
was administered intramuscularly immediately before breakfast on the third 
day of the experiment (25 to 40 mg.). Adrenocorticotropin* and glycine 
were given together on the fourth day. 

Urine was at first collected over the entire 24-hour period in two consecutive 
4-hour samples followed by one 16-hour sample. Later, after six subjects 
(three normals and three patients) had been studied and the excretion pattern 
became more obvious, urine samples were collected over a 94-hour period as 
follows: a 2-hour period, with breakfast at the mid-point, followed by a 
13-hour period, a 2-hour period, and finally a 4-hour period. Five blood 
samples were taken over the 24-hour period in the earlier studies and these 
were later reduced to three to cover the 93-hour observation. 

Measurements of serum and urine uric acid were made by modifications of 
the method of Benedict (10,19); of serum and urine creatinine by a modified 
Folin method (10); of urine and serum urea and urine ammonia by modifica- 
tions of the method of Van Slyke and Cullen (10); of serum and urine non- 
protein nitrogen by the method of Ma and Zuazaga (14), and of serum and 
urine @-amino nitrogen by modifications of the Frame, Russell, and Wilhelmi 
method (6,10). 

Adrenocortical response to the possible challenge of the load dose of glycine 
and to the adrenocorticotropin was checked by the measurement of corticoid 
excretion by the Porter-Silber reaction (18) and with eosinophile counts 
made at 0 and 4 hours (12). 

Two-dimensional serum and urine chromatograms were prepared according 
to the procedure of Dent (7,8) using phenol and collidine—lutidine mixture as 
the two solvents. Urines were desalted electrolytically and applied in aliquots 
of from 25 ul. to 125 wl. depending on the a@-amino nitrogen concentration of 
the sample. The serum was dehydrated and the protein precipitated in the 
cold by adding 10 volumes of alcohol. The filtrate was dried at room tempera- 
ture under reduced pressure. The residue was reconstituted in 75% alcohol 
to half the original volume of the serum. Aliquots of from 25 yl. to 75 yl. 
were used according to the a-amino nitrogen concentration. 


*Connaught Medical Research Laboratories, University of Toronto, Toronto, Ontario, 
Lot No. 29-i. 
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Chromatographic assessments were made by visual comparison with chro- 
matogram “maps” obtained with authentic amino acids and run simultane- 
ously with each batch. Two assessments were made by two observers in 
most cases. 


Experimental Results 


The eosinophile counts and corticoid measurements indicated that an 
adequate adrenocortical response was produced by the adrenocorticotropin 
in all the individuals studied. These indices were extremely variable, insofar 
as an adrenocortical response to the load dose of glycine was concerned, 
however, and it is unlikely that this dose was stressful. 


The results obtained from the first six subjects studied for possible changes 
in non-protein nitrogen, creatinine, uric acid, and ammonia offered little 
information of value, and observations on these indices were either discontinued 
or modified (uric acid). Ammonia excretion proved of some interest; rheu- 
matoids and gouty patients showed a more marked and rapid increase after 
receiving glycine than did the normals; adrenocorticotropin tended to increase 
ammonia excretion in the normals but not in the patients. The measurement 
of serum uric acid was retained in the modified experimental (94-hour) 
regime, because patients with gout were included in the study. 


Serum and Urine a-Amino Nitrogen, Urine Urea, and Serum Uric Acid 

Table II shows the values obtained from normal and pathological groups 
on the control days for these indices. Only certain ‘“‘key”’ periods are covered 
in the results presented here. It will be noted also that the results obtained 
on the 3 experimental days are presented as the percentage change from 
control day values. In discussing changes, the terms slight, moderate, and 
marked will refer to 25%, 26 to 50%, and greater than 50% respectively. 

After glycine administration, @-amino nitrogen in the serum rose about 
100% in all groups by the end of 2 hours and slightly elevated levels still 
persisted in many of the subjects after 6 hours. Urinary excretion of a-amino 
nitrogen was markedly increased in all groups, with indications that this 
occurred more rapidly in the diseased groups. Generally, adrenocorticotropin 
caused small increases in the serum level and excretion of a@-amino nitrogen 
in the normal group, but in the diseased groups the effect was variable. 
The combined administration of adrenocorticotropin and glycine caused no 
marked variation from the responses to glycine alone. 

Under control conditions the urea output of the spondylitics was only about 
one-half that of the normal individuals and of the patients in the other two 
groups. After glycine was given, all groups showed marked increases in 
total urea excretion, with the normals and spondylitics showing considerably 
greater percentage increases than the gout and rheumatoid groups. The 
gout and rheumatoid patients, however, tended to excrete urea sooner (during 
the first 4-hour observation period) than did the other subjects. The serum 
level of urea in all subjects remained elevated for at least 6 hours. Generally, 
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adrenocorticotropin tended to lower urea excretion in all subjects except in 
the two spondylitics in which it tended to raise the original low level. The 
combined administration of adrenocorticotropin and glycine showed effects 
in all groups similar to those observed with glycine alone. 

The individual free amino acids found in the serum and urine of the normal 
and arthritic groups and the changes which occurred in them on the various 
experimental days are presented in Table III. In the control experiments, 
the amino acids seen in the urine and serum were generally similar for all 
groups. The exceptions were the absence of tryptophan from the urine 
or serum of the spondylitics, the presence of tyrosine in the serum of normal 
subjects only, and the presence of methionine in the urine of one gout patient. 
For reasons which will become apparent, the amino acids have been grouped 
as “‘non-essential’’ and ‘‘essential’’ according to the classification of Rose 
(16, 17). 


TABLE II 


CONTROL VALUES AND EXPERIMENTAL RESPONSES 
OF SOME NITROGENOUS CONSTITUENTS OF SERUM AND URINE 








Percentage changes from 
control day value 











Range of Day 3 
Index and contro] day Day 1 Day 2 Glycine and 
observation period values Glycine Corticotropin corticotropin 
N 9.9 + 1.8* +86 + 35.1* +23 + 40* +87 + 25* 
Serum amino N, D E H 
mg. % at2hr. R 6.1 7.9 8.4 +130 +103 +166 0 0+ 2 +139 +121 +104 
G 7.8 10.1 10.9 +114 + 82 +123 - 0 0 — + 59 +114 
M 
Ss 9.1 9.8 + 93 + 91 + 22 + 20 + 47 + 83 
N 61.0 + 9.5* +451 + 542* +51 + 17* +769 + 618* 
Urine amino N, E D H 
mg. excreted R 24.8 34.2 65.1 — 37 +224 +676 + 20 +138 —21 — 14 +100 +548 
0 - 4 hr. N 
G 42.2 48.1 58.5 — 43 +249 +895 - —-34 +6 — +283 +943 
J d 
S 47.6 69.7 +490 +838 — $+ 15 +937 +133 
N 4.13 + .67* +72 + 7.6* -—7 + 19* +97 + 14* 
Urine urea, H E D 
mg. excreted R 2.40 4.07 5.09 +110 + 65 0 +49 — 40 —67 +175 + 80 + 25 
4-8hr. I N B 
G 4.24 4.31 4.33 — 40 + 60 — 73 -43 - 7- — 10 + 35 ~ 
M J 
Ss 1.26 2.14 +433 +123 +267 + 70 +354 +186 
N 40+ 0.7 +4 + 23.1* — 29 + 7 + 65 — 12 0 + 30 
Serum uric acid, H D E 
mg. % at2hr. R 2.1 2.3 4.1 @-—- 17 — 12 -~ J=+8=-@ @ — 13 — 32 
B I 
G 3.6 7.7 10.2 0-17 0 — — 10 — 18 — —-i11 — 18 
J M 
S 2.3 4.4 + 35 0 +15 — 8 + 17 0 











* Mean + S.D. . at ‘ , bel Pie 
N = normals (6); R = rheumatoid arthritics (3); G = gouts (3); S = Marie-Strumpell spondylitics (2). 
Superscripts D to M inclusive = patient identification (see Table I). 


Note.—Individual percentage changes in diseased groups given in the same order as control day values. 
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Fics. 1-3. Average percentage changes from control day levels of the amino acids 
found in normal subjects in the blood (serum) at 2 hours, and in the urine excreted from 
4 to 8 hours after glycine was given (Day 1, Fig. 1), after adrenocorticotropin (Day 2, 
Fig. 2), and after glycine and adrenocorticotropin (Day 3, Fig. 3). 

Note: * indicates variability greater than + 100%, 

+ indicates not present on control day, 
t indicates too variable (within + 100%) to assess, 
§ indicates present on control day and unchanged. 
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Changes Occurring in the Free Amino Acids in the Urine and Serum of Normal 
Subjects 

Figures 1, 2, and 3 show the changes occurring in the free amino acids in 
the urine and serum of the normal group. Again these results are for one 
“key” period of observation (serum, 2 hours; urine, 4-8 hours), which was 
found to be the most profitable for comparison. All the results are given 
as percentage changes from control day levels. It is emphasized that these 
values are based on visual comparisons and variations of less than fifty % 
are of doubtful significance. 


Non-essential Amino Acids 

When glycine was given to the normal subjects there were marked increases 
in the excretion of several of the non-essential amino acids (Fig. 1). Notable 
were the increases seen in alanine, serine, and the derivative glutamine and, 
to a lesser degree, in glutamic acid, proline, and taurine. 

Adrenocorticotropin, when given alone had little or no effect on the excretion 
of the non-essential amino acids (Fig. 2). When given in combination with 
glycine, however, it appeared to increase further the excretion of alanine 
and may have been responsible for the small differences seen in the excretion 
of proline and tyrosine (Fig. 3). 

The administration of glycine increased the levels in the serum of normal 
subjects of the non-essential amino acids, alanine, glutamic acid, serine, 
and glutamine markedly and, to a lesser degree, tyrosine and taurine (Fig. 1). 

Adrenocorticotropin given alone caused no changes from control day 
levels in the non-essential amino acids of the serum, other than a fairly 
marked increase in glutamic acid (Fig. 2). When the hormone was given in 
combination with glycine the results were generally similar to those seen 
when the glycine was given alone (Fig. 3). 


Essential Amino Acids 

Glycine administration also caused increases in the excretion by the normal 
group of several essential amino acids, notably leucine, lysine, threonine, 
and valine (Fig. 1). Adrenocorticotropin alone had no obvious effects 
(Fig. 2). Given with the glycine, however, it intensified all the excretion 
responses seen with glycine alone (Fig. 3). Of particular interest was the 
effect of the combination on the excretion of histidine, which was increased 
very markedly. 

Changes in the levels of essential amino acids in the serum of the normal 
group were generally small and too variable to assess under all of the experi- 
mental conditions. 


Changes Occurring in the Free Amino Acids in the Urine and Serum of 
Arthritic Subjects 
Non-essential Amino Acids 
Glycine given to the arthritic subjects caused changes in their excretion 
of non-essential amino acids more or less similar to those seen in the normal 
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group (Day 1, Table III). Lack of changes, as seen, for example, in the 
excretion of proline by the rheumatoid arthritics and of taurine by the gout 
and spondylitic groups, may represent differences from the normal responses, 
but this is doubtful. 

Adrenocorticotropin appeared to cause some increases in the excretion 
of alanine, proline, and taurine by rheumatoid arthritics and of proline by 
spondylitics (Day 2, Table III). The combined administration of glycine 
and adrenocorticotropin resulted in excretion changes which were generally 
similar to, but often more marked than, those occurring after glycine alone 
(Day 3, Table III); the marked increases seen in the excretion of proline and 
taurine by the rheumatoid group are notable. 

Glycine caused an increase in the serum levels of several non-essential 
amino acids in the arthritic groups (Day 1, Table III). Some differences 
from the normal responses, however, were apparent. Tyrosine was not 
seen in the serum of any of the diseased groups, taurine was more definitely 
increased in the rheumatoid and gout groups, and cystine was increased only 
in the gout group. While the spondylitics may appear to be decidedly 
distinctive, unfortunately only one case is represented in the serum studies 
owing to loss of material from the second case. 

Adrenocorticotropin caused increases in the serum level of alanine, proline, 
and taurine and a marked decrease in glutamic acid in the rheumatoid 
arthritics (Day 2, Table III). Taurine also was increased in the serum of 
the gout group. 

When glycine and adrenocorticotropin were given together, the responses 
in the serum levels of non-essential amino acids in the diseased subjects were 
generally similar to those observed after glycine was given alone (Day 3, 
Table III). Exceptions were the marked decrease in the glutamic acid level 
in the rheumatoid group and the lack of a marked increase in proline in the 
gout group. 


Essential Amino Acids 


No marked differences from the normal responses, or among the arthritic 
groups, were seen in the excretion of the essential amino acids after glycine 
(Day 1, Table III). Differences such as those for lysine (rheumatoid and 
gout groups), phenylalanine (rheumatoid group), threonine (gout group), 
and valine (rheumatoid group) are again of doubtful significance. 

Adrenocorticotropin alone caused no remarkable changes in the excretion 
of the essential amino acids by the arthritics (Day 2, Table III). 

When adrenocorticotropin and glycine were given together there was a 
general tendency for the excretion of the essential amino acids by the 
rheumatoid and gout groups to approach the responses seen in the normal 
group (Day 3, Table III). This was apparent for arginine, histidine, leucine, 
lysine (in rheumatoids only) and valine. There was, however, a remarkable 
increase in excretion of tryptophan by the rheumatoid arthritics. The 
excretion responses of the spondylitics were generally variable. 
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Changes in the levels of the essential amino acids in the serum of arthritic 
subjects under all of the various experimental conditions were, as in the 
normals, generally small and too variable to assess (Table III). The responses 
of the spondylitics again represent those of only one case. 


Discussion 

Although some of the foregoing observations offer opportunity for specula- 
tion, their preliminary character precludes any definitive conclusions at this 
time. The “glycine load’’ technique, however, does emphasize that there are 
differences in the metabolism of amino acids between normal individuals 
and those subject to arthritis. It has also made possible further observations 
on the renal clearance and reabsorption of amino acids (3,9,11). Our findings 
generally support the observation that a load of a single amino acid results 
in the increased excretion of a number of amino acids (11). The excretion of 
both ‘‘non-essential’’ and “‘essential’’ amino acids was increased in all subjects 
after they were given glycine. The concomitant increases in the serum levels 
and in the excretion of several amino acids which we observed indicate, 
however, that the increases in excretion are more than a matter of competition 
for reabsorption in the kidney. Indeed, it would appear that a prerenal 
phenomenon, possibly involving the interconversion of amino acids, occurs 
when the system is loaded with a single amino acid. This concept is supported 
by the evidence that the increases in serum levels are restricted to the non- 
essential amino acids. 

Division of the amino acids into the non-essential and essential classifications 
has also enabled us to observe some trends which otherwise may have been 
missed. For instance, the marked differences between the normal and arthritic 
groups in response to the various experimental procedures were confined 
almost exclusively to the non-essential amino acids. The responses for the 
essential amino acids were reasonably similar (within the limitations of the 
analytical methods employed) for all subjects under all experimental conditions. 
An exception was the marked increase in the excretion of tryptophan caused 
when a glycine load and adrenocorticotropin were given together to the 
rheumatoid arthritic group. This observation, however, is subject to the 
difficulty in distinguishing between tyrosine and tryptophan by our method. 
The definition of non-essential amino acids is that they can be synthesized 
in the body. It is therefore logical that changes such as have been observed 
should be confined to these amino acids. 

These preliminary observations emphasize the need for further study 
of the metabolism of alanine, proline, glutamic acid, taurine, and possibly 
tyrosine (and/or tryptophan) and cystine in the various arthritic diseases. 
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ANTIDIURESIS AS A MEASUREMENT OF LABORATORY 
INDUCED MOTION SICKNESS! 


N. B. G. Taytor, J. HUNTER, AND W. H. JOHNSON 


Abstract 


Eighty-one human subjects and two bitches have been exposed to accelerations 
on a turntable or a swing for the purpose of inducing motion sickness. An 
inhibition of water diuresis consistently accompanied laboratory-induced 
motion sickness. Subjects who failed to become motion sick exhibited a much 
smaller inhibition of diuresis or none at all. The inhibition of diuresis is related 
to the motion sickness itself and is not due to the direct effects of centrifugal 
and rotational forces on the circulation. 


Introduction 


The existence of certain similarities (pallor, sweating, and nausea) between 
vasovagal syncope and motion sickness has prompted an investigation to 
aT? whether the antidiuresis which accompanies vasovagal syncope 
(2, 3, 4, 5, 6, 16) is also a concomitant of motion sickness. 


Materials and Methods 
1. Subjects 

Experiments have been carried out on human subjects using 

(a) civilian laboratory personnel, 

(b) experienced Royal Canadian Air Force air crew personnel under 
assessment for further flying duties, and 

(c) Royal Canadian Air Force flight cadets undergoing initial flying 
training. 

The human subjects were not fasted or specially prepared in any way 
prior to the experiments. 

A few tests have been done on mongrel bitches weighing between .7 and 
10 kg. Perineotomy, to facilitate catheterization, was performed on the 
bitches several days before they were first used, but they received no other 
preparation prior to the experiments. 


2. Hydration 

(a) Human Subjects 

At the start of the experiment each subject urinated and this specimen 
was discarded. Immediately afterwards, at ‘‘zero’’ time, the subject drank 
1 liter of water or 1 liter of a lime-juice drink (50 ml. ‘‘Monserrat”’ lime juice; 
50 g. sucrose; water to make 1 liter). The subject was asked to drink the 
fluid as quickly as he could without inducing untoward symptoms and 
immediately afterward he was counterbalanced on a bullion balance sensitive 
to + 3g. At 15-minute intervals from ‘‘zero” time for the duration of the 


1Manuscript received June 14, 1957. 
Contribution from the Defence Research Medical Laboratories, Toronto, Ontario. Published 
- D. R. M.L. Report No. 199-1 carried out under Defence Research Board Project No. 
50-93-10-64. 


Can. J. Biochem. Physiol. 35 (1957) 
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experiment the subject voided or attempted to void. Immediately after 
each attempt at urination, whether successful or not, the subject was 
reweighed and he restored any loss in weight by drinking water or lime juice, 
By this means, extrarenal as well as renal water loss was compensated although 
there was an uncontrolled potential source of error due to variations in the 
amount of unevaporated sweat absorbed in the clothing. The volume of 
each urine specimen was measured and recorded. In some experiments 
the samples were saved for further analysis. When the diuresis had reached 
a rate of 100 ml. or greater per 15 minutes, and had been relatively constant 
at that rate for from 45 to 60 minutes, the subject was exposed to motion 
on the turntable or the swing. The timing of the stimulus was such as not 
to interfere with the regular emptying of the bladder. 

Subjects were rejected as unsuitable when they did not develop a diuresis 
of the minimum rate required or when they were unable to empty the bladder 
of small amounts of urine at the required intervals. 


(b) Experimental Animals 

A catheter was inserted into the bladder, secured with adhesive tape, and 
clamped at the distal end. The animals were then given 300 ml. of water 
by gavage (‘‘zero’’ time) and this dose was repeated 2 hours later. At 15- 
minute intervals from ‘‘zero’’ time the bladder catheter was unclamped, 
the urine collected, the bladder washed out with a measured amount of 
distilled water, and the catheter reclamped. The volume of distilled water 
was later subtracted from the volume of the total specimen. Approximately 
constant hydration was maintained by giving, after each emptying of the 
bladder, an amount of fluid equivalent to 120% of the volume of urine excreted. 
The animals were exposed to the motion-sickness-inducing stimulus when 
the diuresis had reached a volume of 30 ml. per 15-minute period and had 
been relatively constant at this rate for the preceding 45 to 60 minutes. 


3. The Induction of Motion Sickness 
Motion sickness was induced by two methods. 


(a) Turntable Method (12) 

Having donned a pair of light-excluding goggles, the subject was strapped, 
supine, on a turntable which rotated in the horizontal plane and reached 
a constant speed of 30 r.p.m. at 30 to 45 seconds after being started. When 
constant speed had been attained, independent movement of the head in 
the vertical plane was superimposed. The head was moved mechanically 
through a vertical arc of approximately 36 degrees in a complete cycle of 
24 seconds (four phases: up-stop-down-stop, each phase occupying 6 
seconds). In most subjects, particularly those who are not accustomed 
to the motions of an aircraft doing aerobatics or flying in turbulent air, the 
superimposition of vertical head movement on that of rotation in the 
horizontal plane will cause marked disorientation immediately and nausea 
and vomiting within the space of 2 or 3 minutes. In the experiments to be 
described, stimulation to the point of vomiting was avoided because of the 
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adverse effect it would have on fluid balance and on the subsequent ability 
of the subject to ingest fluid. The subject was asked to inform the attendant 
when he first felt definitely nauseated, and when he did so, the test was 
stopped. In the absence of a complaint from the subject, turntable stimu- 
lation was continued to an arbitrary limit of 6 minutes. 


(b) Swing Method (10, 11, 13, 15) 

(1) Human Subjects—The subjects were strapped in a chair mounted on 
the swing with the sagittal plane of the body parallel to the plane of swing 
movement. The head was not supported in any manner. The swing had 
a 16 ft. radius measured from the fulcrum to the subject’s head, and was 
motor-driven through a 70° arc at a rate of 16 complete cycles per minute. 
Previous experience had shown that exposure to the motion of this swing 
for 5 minutes under the conditions described produced nausea in one-third of 
a large series of young male subjects not previously adapted to nausea- 
inducing motion. In these experiments as in those on the turntable, vomiting 
was avoided. The swing was stopped when the subject informed the attendant 
that he had become definitely nauseated; otherwise, swinging was continued 
for an arbitrary maximum period of 10 minutes. 

(11) Experimental Animals.—For these experiments the chair on the swing 
was replaced by a stand and sling in which the bitch could be effectively 
immobilized. In all other respects the characteristics of the swing were 
the same as in the experiments on human subjects. The animals were 
swung for 9 minutes, at which time they were salivating profusely. Previous 
experiments had shown that stimulation beyond this point would cause 
vomiting. 


4. Estimation of Urinary Chloride 


The concentration of chloride was determined by the method of Schales 
and Schales (20) as modified by Asper et al. (1). 


Results 


Group 1. Turntable Rotation with Superimposed Head Movement 

Each of 72 subjects has been tested once. Of these 72, 10 have been 
excluded from the results, five because of failure to develop a satisfactory 
diuresis and five because of an inability to urinate when the bladder contained 
only a small amount of urine. Fig. 1 illustrates the response of subject 
No. 7, who became nauseated and asked that the turntable be stopped after 
2 minutes of rotation with superimposed head movement. When the turn- 
table stopped the subject was observed to be very pale and to be sweating. 
He exhibited a generalized depression characteristic of one suffering from 
motion sickness. The signs and symptoms persisted for approximately 
3 hours and recovery coincided with the re-establishment of the diuresis. 
Fig. 2 illustrates the response of subject No. 13, who, after being on the 
turntable for the arbitrary maximum period of 6 minutes, denied any sensation 
of nausea at any time and in whom no pallor or sweating was observed. 
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The examples presented are extremes, one a very marked effect, the other 
a complete absence of effect. Graded antidiuretic responses have been 
obtained and the correlation of antidiuretic response with symptomatology 
will be discussed below. 

These results offer evidence that the subject susceptible to turntable- 
induced motion sickness has an antidiuresis whereas the resistant subject 
does not. The remaining experiments have been performed to establish that 
the antidiuresis is related to nausea and not to haemodynamic effects brought 
about by the centrifugal forces of rotation. 

Group 2. Turntable Rotation with and without Superimposed Head Movement 

In the second group of experiments advantage has been taken of the fact 
that only the most susceptible subjects are made sick by turntable rotation 
in one plane when the head remains fixed in relation to the remainder of the 
body. Under these conditions the head is subjected to angular acceleration 
in only one plane and only when the turntable is accelerating or decelerating. 
Even with the most susceptible subjects, stimulation of this nature causes 
only minor symptoms. 

After the diuresis had been established and was constant, the subject was 
placed on the turntable and rotated, the head remaining fixed in relation to 
the body, for 6 minutes. He then got off the turntable and continued to 
void on schedule and to maintain his state of hydration, as described previously, 
for a further period of 75 minutes. At this time he was again rotated on the 
turntable, this time with superimposed head movement in exactly the same 
manner as the subjects in Group 1. 

Four experiments have been carried out on four subjects. Fig. 3 illustrates 
the response of an extremely susceptible, and Fig. 4 that of a moderately 
susceptible, subject. 

Group 3. Swing 

(a) Human Subjects 

In these experiments five subjects with a history of susceptibility to motion 
sickness were tested once each. After periods varying from 3 minutes and 
30 seconds to 10 minutes on the swing, four of the subjects complained of 
nausea, became pale, and exhibited an antidiuresis. The fifth subject, 
after 10 minutes on the swing, denied any symptoms and showed neither 
pallor nor inhibition of diuresis. 

(b) Experimental Animals 

Eleven tests have been carried out on two perineotomized bitches. The 
purpose of the experiments in animals was to demonstrate that the antidiuretic 
response was not peculiar to human subjects. In each case the swing was 
stopped after the animal began to salivate and appear sick but before she 
vomited. The pattern of antidiuresis, as illustrated in Fig. 5, was the same 
as in the human subjects. 





Fic. 1. Subject 7. On turntable with superimposed head movement for 2 minutes 
at time indicated by broken line. Prolonged antidiuresis. : 

Fic. 2. Subject 13. On turntable with superimposed head movement for 6 minutes 
at time indicated by broken line. No antidiuresis. 
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Correlation of Clinical Signs and Symptoms with Antidiuretic Response 

For this purpose, all the experiments on human subjects, whether on 
swing or turntable, have been placed in one group. 

A rough impression of the degree of inhibition of diuresis may be gained 
by inspection of the graphs such as those shown in Figs. 1, 2, and 3. A more 
quantitative estimate of the inhibition and diuresis has been obtained as a 
percentage, by the following method: the mean 15-minute urine volume of 
the three successive smallest specimens in the 13-hour period after the stimulus 
was calculated as a percentage of the mean 15-minute urine volume for the 
$-hour period preceding the test. This figure is the urine flow after the 
stimulus as percentage of the ‘‘before stimulus’’ volumes and, when subtracted 
from 100, it gives the percentage inhibition of urine flow used as abscissa 
in Figs. 6 and 7. 

The clinical signs and symptoms can be evaluated only roughly, and the 
following scheme has been adopted. The categories are listed in decreasing 
order of severity: 

Category A.—Definite symptoms of marked or moderate severity. In this 
category are included the one subject who vomited (rehydration was carried 
out immediately after vomiting) and those whose discomfiture due to nausea 
was obvious and prolonged. Persistent pallor, sometimes delayed a minute 
or two in onset, was observed regularly. Sweating was seen less frequently. 

Category B.—The signs and symptoms were slight but unmistakable. 

Category C.—The signs and symptoms were equivocal or signs not recorded. 

Category D.—The subject exhibited no signs, denied all symptoms of 
motion sickness, and was exposed to the maximum period on the turntable 
(6 minutes) or on the swing (10 minutes). 

Assessment of the category into which the signs and symptoms of each 
subject should be placed was made independently of a knowledge of the 
degree of inhibition of diuresis that the subject had exhibited. 

Fig. 6 shows that, of the 58 subjects who exhibited definite signs and 
symptoms of motion sickness, 42 (72%) had an inhibition of urine flow of 
65% or greater. Fig. 7 shows that of the 15 subjects in whom there were no 
definite signs or symptoms of motion sickness 12 (80%) had an inhibition of 
diuresis of less than 25%. The correlation of antidiuresis with signs and 
symptoms of motion sickness is statistically highly significant (p <0.001 by 
the Chi square test). 





Fic. 3. Subject 51. Rotated on turntable twice, at first interrupted line for 6 minutes 
without superimposed head movement, at second interrupted line for 30 seconds with 
superimposed head movement. Note moderate, prolonged response after first stimulus, 
presumably during starting and stopping of turntable. There was a marked, prolonged 
response after only 30 seconds head movement. A very susceptible subject. 

Fic. 4. Subject 52. Rotated on turntable twice, at first interrupted line for 6 minutes 
without superimposed head movement, at second interrupted line for 3 minutes, 
35 seconds with head movement. Note almost complete absence of antidiuresis after 
rotation without head movements, and moderate antidiuresis with rapid recovery after 
rotation with superimposed head movement for 3 minutes, 35 seconds. Moderately 
susceptible subject. Compare with Fig. 3. 
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Discussion 

The results presented show that laboratory induced motion sickness 
in human subjects and experimental animals is accompanied by an antidiuresis 
and that there is a correlation between the severity of the symptoms and the 
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degree of the antidiuresis. Subjects who were not nauseated by the stimulus 
failed to exhibit an antidiuresis. 

Although there is an over-all correlation between signs and symptoms 
on the one hand and antidiuresis on the other, the results (Fig. 6) show a 
few examples in which signs and symptoms were accompanied by a very slight 
antidiuresis or none at all. It is difficult to explain this discrepancy but at 
the present time we would attach more weight to the objective measurement 
of urine flow, and would ascribe the subject’s complaint of symptoms to 
apprehension of impending nausea. Conversely, in Fig. 7 there are two 
subjects with an unequivocal antidiuresis who are classed as showing equivocal 
signs and symptoms. These results might legitimately be excluded from 
the series because, inadvertently, the clinical condition of these subjects was 
not recorded. 

Under the conditions of the experiments reported here the antidiuresis 
could not have resulted from the rotational and centrifugal forces acting 
directly on the circulation itself because turntable rotation with head motion 
was a much more potent stimulus than rotation without head motion, and 
the direct effects on the circulation due to rotation and centrifugal forces 
would be the same in each case. Furthermore, motion sickness and anti- 
diuresis resulted from stimulation on the swing in which apparatus the 
haemodynamic effects are quite different from those on the turntable. The 
conclusion appears inescapable that the antidiuresis is related directly to 
motion sickness. 

The precise etiology of the antidiuresis has not been established by these 
experiments although there is suggestive evidence. The specific gravity 
of the urine was increased consistently during the antidiuresis. In most of 
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the experiments urinary chlorides were determined and the results of one of 
these experiments are shown in Fig. 8. It can be seen that the antidiuresis 
is accompanied by a pronounced increase in the concentration of the chlorides 
whereas the total amount of chloride excreted per unit time remains relatively 
constant. These findings are indicative of increased renal resorption of 
water and are inconsistent with an explanation that the antidiuresis results 
from a decreased glomerular filtration rate. A few tests by the method of 
Dicker (9) indicate that the urine of motion sick subjects contains an anti- 
diuretic substance. The signs accompanying laboratory induced motion 
sickness are therefore similar to the effects that would be expected to result 
from a liberation of hormone from the neurohypophysis, viz. prolonged 
antidiuresis (characterized by an increased specific gravity and chloride con- 
centration), pallor, and the excretion of an antidiuretic substance in the urine. 
These results are, however, not specific effects of motion sickness for they 
have been reported to occur after a variety of procedures: exercise (19), 
emotional stress (16, 17, 18, 19), suckling (8), pain (7, 14), and fainting (2, 3, 
4, 5, 6, 16). Although it is not specific for the condition, the fact that a 
pituitary-type antidiuresis regularly accompanies laboratory-induced motion 
sickness is an interesting physiological observation. Of equal importance, 
perhaps, is that it offers a simple objective measurement of motion sickness. 
In the past, the study of motion sickness has been hindered by the lack 
of such a measurement. A person’s declaration of the presence or absence 
of nausea is so susceptible to distortion by differences in motivation as to 
be almost useless in experimental work. This has led to the use of vomiting 
as an end point, but this too, although it can be observed, can also be controlled 
to a considerable extent by a human subject. Whether or not he vomits with 
a given degree of nausea depends largely on his desire to suppress or give in 
to his symptoms. There is, on the other hand, no known way by which 
motivational factors can alter urine secretion. An un-co-operative subject 
may not void at each 15-minute period, but changes in flow rates can be 
determined readily, without resort to catheterization, by the measurement of 
urinary chloride concentration or by the simple expedient of dividing the total 
volume voided when he does empty his bladder by the time which has elapsed 
since the previous voiding. 
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ON THE ANTI-INFLAMMATORY ACTION OF 
AMINOACETONITRILE (AAN)! 


Hans SELYE 


Abstract 


Experiments on adrenalectomized rats maintained on small doses of cortisol 
acetate and desoxycorticosterone acetate indicate that aminoacetonitrile markedly 
inhibits the production of inflammatory exudate in the ‘‘granuloma pouch”’ test. 
It is concluded that this antiphlogistic effect is an inherent property of the 
lathyrogenic aminonitrile and not merely the consequence of an adrenal-mediated 
stressor action. 


Introduction 

In the course of our earlier studies concerning the actions of various 
lathyrogens, it was noted incidentally that aminoacetonitrile, or ‘“AAN”’ 
(NH2CH:2CN), tends to inhibit inflammatory reactions (2). For example, 
exudate formation was always greatly diminished in AAN-treated rats as 
compared with untreated controls when the ‘granuloma pouch” technique 
(1) was employed for the production of an inflammatory focus. Of course, 
since we had always used AAN at dose levels at which it causes osteolathyrism, 
the anti-inflammatory effect of this compound might well have been due to 
stress-induced adrenal stimulation. Yet, in intact, as in adrenalectomized 
animals, osteolathyrogenic compounds tend to cause rather selective lesions 
in such mesenchymal tissues as bone, cartilage, and blood vessels; this raised 
the possibility that AAN may also exert a true direct antiphlogistic effect 
comparable to that of the antiphlogistic corticoids. 

In order to verify this point, preliminary experiments have been carried out 
on adrenalectomized rats which were maintained exclusively on 1% NaCl 
as a drinking fluid, and bore a granuloma pouch. However, under these 
conditions, the resistance of the animals to AAN is extraordinarily low, and 
a high mortality rate makes the interpretation of such tests rather difficult. 
Even adrenalectomized animals maintained with desoxycorticosterone proved 
to be comparatively irresistant to AAN. It was therefore decided to use 
adrenalectomized animals maintained with small doses of desoxycorticosterone 
acetate (DOC-Ac) and cortisol acetate (COL-Ac), these hormones being given 
in amounts which do not significantly alter the formation of exudate in 
granuloma pouches. 

It is the object of this communication to report on experiments which 
demonstrated that under these circumstances AAN markedly inhibits in- 
flammation in rats totally deprived of adrenal tissue. 


Materials and Techniques 
Twenty female Sprague-Dawley rats with an initial body weight of 100 g. 
(range 96-109 g.) were bilaterally adrenalectomized by the lumbar route 
under ether anesthesia. Care was taken to place the skin-incision just below 


‘Manuscript received May 8, 1957. , ; . A a a 
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the last rib as far laterad as possible so as not to interfere with the subsequent 
production of-a granuloma pouch on the back. Immediately after the opera- 
tion, daily treatment with a mixture containing 100 wg. of COL-Ac and 400 
ug. of DOC-Ac in 0.2 ml. of water was initiated. Injections were always 
administered subcutaneously in the inguinal region at a great distance from 
the area in which the granuloma pouch was to be established subsequently. 
Also immediately after adrenalectomy, treatment with AAN (in the form of 
aminoacetonitrile hydrosulphate) was started in 10 of the rats. This 
compound was given by stomach tube at a dose of 7.5 mg. in 0.5 ml. of water, 
twice daily. 

On the fifth day after adrenalectomy, a granuloma pouch (1) was produced 
both in the controls (Group I, 10 animals) and in the AAN-treated rats 
(Group II, 10 animals). For the purpose of this investigation, 25 ml. of air 
was injected under the shaved skin of the back; immediately afterwards 
1 ml. of a 1% solution of croton oil (in sesame oil) was introduced into the air 
cell thus formed. Transillumination with an electric flashlight showed that 
within 5 to 6 days after the injection of croton oil, the air sacs began to fill 
up with considerable amounts of hemorrhagic exudate in the control rats, 
while no fluid was detectable in those treated with AAN. 

On the 15th day after adrenalectomy (that is, on the 10th day after preparing 
the granuloma pouches) all animals were killed with chloroform, and the 
exudate in their granuloma pouches was measured by aspiration into a 
graduated syringe. 

Results 


The results of this experiment are listed in Table I. From these data, it 
is obvious that AAN treatment resulted in an almost complete and highly 
significant inhibition of exudate formation. This is all the more noteworthy 
because, under the conditions of experimentation employed here, the control 


TABLE I 


THE ANTI-INFLAMMATORY ACTION OF AAN 











Groups Treatment Final body weight (g.) Gain (%)  Exudate (ml.) 
I None m2 t-2.3 +42 24 + 1.8 
II AAN wi + 1.9 + 1 3 + 0.8 





animals had developed the extraordinarily large amount of 24 ml. of 
inflammatory fluid. Since the animals of both groups were completely 
adrenalectomized, the antiphlogistic effect of AAN could not have been 
mediated through a discharge of antiphlogistic corticoids by the adrenals. 
It is conceivable, however, that some ‘‘conditioning”’ influence for the anti- 
phlogistic action of AAN may have been exerted by the comparatively small 
amounts of COL-Ac which we gave to maintain the rats in good condition. 
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Discussion 


AAN prevented growth in the adrenalectomized animals of this series, but 
it did not cause a loss of weight. All the animals of Group II were in excellent 
health at the time the experiment was terminated, although they did show 
signs of skeletal lathyrism. 

In view of the fact that anti-inflammatory corticoids such as cortisol inhibit 
the osseous changes produced by AAN (2), the question arose whether the 
bone proliferation caused by lathyrogens could not be considered to be an 
inflammatory reaction. However, on purely histologic grounds, osteolathyric 
exostoses and junction—cartilage lesions do not exhibit any of the typical 
characteristics of inflammation. As judged by the experiments just reported, 
AAN actually inhibits inflammation, at least in the subcutaneous connective 
tissue; thus it simulates the anti-inflammatory effects of cortisol and its 
derivatives. 
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THE ESTIMATION OF CALCIUM AND MAGNESIUM! 


WALTER R. CAMPBELL 


Abstract 


A description of a device for measuring calcium and magnesium in body 
fluids by means of versene and organic dyes is given together with methods of 
operating the instrument, preparing standards, and purifying the reagents. 
The method is more precise than older methods used in clinical laboratories 
for estimating calcium and magnesium, requires very much less time, and, with 
suitable modifications, is applicable in water analyses for assessing the hardness 
due to the presence of these metals. The method could be further refined for use 
with small animals or in circumstances where only small amounts of body 
fluids are available. 


Methods for the éstimation of calcium and magnesium have been time con- 
suming and somewhat lacking in accuracy. The discovery of Schwarzenbach 
(7) that versene could be used in the analyses of water for calcium and 
magnesium has prompted several investigators (4,5) to investigate its ap- 
plicability in the analysis of blood and other tissue fluids. Certain dyestuffs 
combine with calcium, magnesium, and certain other metals, with alteration 
in the color of the dyestuff. Versene added to the mixture removes the 
calcium and magnesium from the complex, freeing the dyestuff and altering 
the color. Advantageous use of this reaction has been made in several ways. 
Colorimetric titration of the complex with versene has been suggested but 
the end point, being somewhat difficult to ascertain visually, left something 
to be desired, and it appeared that a more objective method might be employed. 
Spectrometric analysis of the free and combined dyestuffs showed decided 
differences in the composition of the light passing through the mixtures. 
With the use of appropriate light filters it seemed possible that phototitration 
provides a short and more accurate method for the quantitation of calcium 
and magnesium and eliminates the numerous manipulations required by 
older methods which have contributed to time wasting and loss of accuracy. 


The Measuring Device 


Accurate spectrophotometric titration can be done with somewhat elaborate 
and expensive apparatus such as the Beckman or Coleman or similar devices. 
These are not necessary since a simpler device almost matches their accuracy 
and exceeds by many times the accuracy required for clinical purposes. 
Light rays passing through a titration beaker to a barrier layer photo cell 
attached to a microammeter will record the changes in light transmission 
when standardized versene is added to the solution in the beaker if a suitable 
filter is used. When the microammeter indicator stops moving, the titration 
is complete. This arrangement is adequate, but each pulse of the alternating 
current causes a slight twitch of the indicator. In addition, alterations in 

‘Manuscript received July 8, 1957. 
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the voltage take place whenever a large machine, such as an elevator, operates 
on the same main line current, thus causing larger annoying movements of 
the indicator. To eliminate or reduce these vibrations, a second barrier 
layer cell actuated by the same light may be introduced with an iris diaphragm 
to regulate the amount of light admitted. A further aid in balancing the 
current from the two cells, in the form of a 200 ohm volume control is connected 
as illustrated in the diagram below. To protect the ammeter against overload 
or to reduce the sensitivity of the meter, a volume control may be connected 
across the poles, 5 kilohms for the microammeter or 1 megohm for the 
galvanometer if used instead of a microammeter. A double-throw switch is 
convenient if both meters are used frequently, otherwise the meters are 
plugged in by banana contacts suitably colored to identify them. To avoid 
parallax, it is better to read the shadow of the indicator rather than the 
indicator itselfi—a 250 w. reflector flood lamp placed overhead gives a sharp 
shadow even in the daylight. Incidentally, the instrument is so sensitive 
that variations in the daylight caused by light clouds may be recorded, 
if it is not adequately shielded. 

There are available, commercially, many suitable components of the 
apparatus. Those mentioned here are only suggested because they have 
proved satisfactory. In the diagram, Fig. 1, A and B represent two Weston 
Photronic cells 856 RR; C, the light source, is in the lamphouse (with the 
condensing lens attached) of a 150 w. Kodak Merit projector. An opening, 
diameter 1} in., is made in the back of the lamphouse to permit the light to 
excite photo cell B; D is a 6 in. Triplett 50 microammeter model 626*; E is 
a suitable filter (discussed below) arranged in a slot shielding the photronic 
cell A. The portion of the filter not transmitting light from lamp C is masked 
off with black tape. F is the titration beaker, a 50 ml. beaker masked off 
at a volume of 22 ml. and securely held in position by a bakelite cup. When 
necessary, it may be replaced by a larger or smaller beaker. When filled 
with liquid it furnishes an effective heat shield for the Cell A. Provision may 
be made for mounting an infrared filter between the beaker and light source 
to guard against destruction of the dyestuff, although this is required only in 
prolonged critical titrations of small quantities. Corning polished filter 
No. 3966, 2 in. square, is suggested. G represents a 200 ohm radio volume 


*G. M. Laboratories, Chicago, galvanometer, catalogue No. 570 202, several times as 
sensitive as the microammeter, is suggested when only small amounts of fluid are available. 
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Fic. 1. Diagram of apparatus. For convenience meter D is placed in front of 
titration beaker F. 
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control I.R.C. Type 11-123. H is a 5 kilohms or 1 megohm radio volume 
control. I is a light tunnel 3 in. long in front of Cell B closed by an iris 
diaphragm and Corning infrared filter. Wiring is as indicated in the diagram. 
The apparatus is assembled on 3 ft. of laminated board, 12 in. wide, painted 
dull black. Cell A and E, F, and G are mounted rigidly at one end of the 
board; the light source C and control Cell B are freely movable. Suitable 
height is provided by wooden carriers, and a guard rail at the back, 3 in. high, 
provides satisfactory alignment of the light path. 


The Spectrograms, Filters, and Dyestuffs 


An examination of the light transmission of the two dyestuffs Erio black T 
and ammonium purpurate, when free or when combined with magnesium 
or calcium, shows decided differences. At several wavelengths, the increase 
or decrease in light transmission can be used to titrate unknown quantities 
of calcium or magnesium with a standardized versene. Interference filters 
of the second order give very satisfactory results but are somewhat expensive. 
At some wavelengths, less expensive first-order filters are highly effective. 
Fortunately, Corning sharp cut glass filters are available in the longer wave- 
lengths where suitable differences in light transmission are to be found. 
The results are quite as good as those with the more expensive filters. Corning 
filter No. 258 in standard thickness is best for titration of magnesium, but 
filter No. 259, though nearly as good, has a somewhat shorter range of trans- 
mission between magnesium complex and magnesium free Erio black T. 
Filter No. 260 is not satisfactory. It should be noted, however, that Erio 
black T combines with both magnesium and calcium and thus both the ions 
are titrated when present together in the solution. Corning filter No. 273 
serves excellently for the titration of calcium with ammonium purpurate, 
as this dyestuff does not give a change in color with magnesium. It should 
be stated that other filters can be used effectively, provided solutions are 
specially standardized for their use. 

The sharp cut filters are not so satisfactory in the shorter wavelengths. 
Dilution of the dyestuff also increases the light transmission through the 
titration vessel, but in the concentrations of versene recommended in relation 
to the amount of metal present, the increase is negligible. With the more 
dilute solutions the indicator movement tends to be increased in the region 
of shorter wavelengths but decreased with longer wavelengths. Ultimately, 
excessive dilution might limit the applicability of the method, if volume and 
concentration of versene are not related to those of the ion to be titrated. 
Within limits, small concentrations of the ion are not measured more accurately 
by decreasing the concentration of the versene, even if more sensitive meters 
are employed. At least a 2 to 1 ratio between indicator movements due to 
concentration and dilution should be attained. As at present recommended, 
the ratio is about 10 to 1 for most cases, but may be lowered in case very 
small quantities of fluid are available for test. This may sometimes be desir- 
able when working with small animals. 
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Fic. 2. Spectrogram of Erio black T combined and uncombined with magnesium. 
Fic. 3. Spectrogram of ammonium purpurate combined and uncombined with calcium. 























Figs. 2 and 3 illustrate the light transmission of free and combined dyestuffs 
at various wavelengths. 

Erio black T is a relatively stable substance. In alcoholic solution, 35 mg. 
per 100 ml., it does deteriorate over long periods of time. In more dilute 
aqueous solution the rate of alteration is somewhat faster, especially in hot 
weather, but is not sufficiently great to be noticeable during an ordinary 
titration. Freeing the last traces of the dye from the metal complex appears 
somewhat slow, so the last few drops of versene should be added with 
deliberation. Adequate stirring should be done in the earlier part of the 
titration (while the liquid is still red) to ensure early and thorough mixing. 

Ammonium purpurate undergoes oxidation in air and is particularly 
unstable in solution unless adequately protected. Exposure of the solution 
to light, heat, and air rapidly destroys the dye. The solution remains stable 
for several months if prepared with doubly distilled water, freshly boiled 
to half its volume, covered with enough liquid paraffin to fill the bottle, and 
placed in a metal container under refrigeration. After 6 months it may 
have lost half its strength. Small quantities, sufficient for 3 to 4 days, may 
remain usable if kept under oil in a dark bottle. After the second day, the 
quantity used for a test should be increased by 25% each day. The usual 
concentration is 0.1%, but for serum some of my associates prefer 0.2%. 
The usual amount for a test is 0.5 ml. for 25 ml. of fluid. If kept cold, 8° C., 
there is no apparent deterioration during a test, but at 28° C. a gradual drift 
of the meter indicator usually is detectable. Heat and light from the lamp 
and excessive stirring bleach the solution in a few hours. An infrared filter 
slows the oxidation process considerably. Fortunately, completion of the 
test is indicated not by the extent of the movement of the meter indicator, 
but by its failure to move on addition of the final drop. When the end 
point has been overrun, it moves slightly in the opposite direction owing 
to the dilution effect. 
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Operation of the Instrument 

The sensitivity of the instrument is dependent upon the characteristics 
of the individual cells and their relationship to each other. For example, 
with a total distance of 75 cm. between a pair of cells, the filaments of the 
light source are 48 cm. from the control cell when magnesium is being titrated 
and 34 cm. distant when calcium is being titrated. In the second instance, 
to reduce or eliminate the more rapid drift of the needle due to fading by 
increased temperature, a 3 mm. Corning No. 3966 infrared absorbing filter 
may be placed in front of the titration beaker. A setting for the volume 
control knob can be found at which the indicator remains fairly constant, 
and the variations in current can be balanced by regulation of the iris 
diaphragm alone. With a direct current source of light, the variations in 
current are minimal and easily controlled. With an alternating current, 
the slight variations of light intensity due to alteration in voltage of the 
mains may easily be controlled. When no excessive line voltage drop due to 
operation of elevators or other large apparatus occurs, the index of the 
microammeter remains steady. By balancing the iris diaphragm opening 
against the volume control, the lesser voltage changes can be eliminated. 
The largest one can be reduced to 0.2 microamperes and can be ignored, 
since it lasts for only a small fraction of a second. The change produced by 
titration reaches a steady state until more versene is added. When the 
elevators are not operating, the microammeter remains steady unless titration 
is in progress. As titration proceeds, a color change occurs in the solution 
in the beaker, the microammeter indicator moves until the versene takes up 
all the metal and sets free all the dyestuff. At this point cessation of move- 
ment of the microammeter indicator marks the end of the titration. With 
a galvanometer several times as sensitive as the microammeter, the movement 
of the indicator is relatively greater, but as the line voltage movements 
can be set by means of the volume control and the iris diaphragm reversed in 
direction from the titration movement, they are readily differentiated from 
the latter. When the elevators are much used, a voltage control device in 
the alternating current line is a convenience when the galvanometer is used, 
and entirely eliminates the irregularity of the indicator movement of a 
microammeter. Titration with the aid of a galvanometer is slower, since 
the period of vibration of the indicator is much longer. For clinical purposes 
the use of a galvanometer is unnecessary unless the quantities of serum or 
other fluids available are very small, as happens in paediatric practice when 
0.2 or even 0.1 ml. of serum must be assayed for calcium with great accuracy. 
Repetition of a doubtful reading is possible by adding 1 ml. of standard, 
accurately measured, retitrating and subtracting the known value of the 
standard solution added. The added error is about 1% of the true value 
and is negligible in clinical analyses. 

Standards 

The standard for calcium commonly employed in calcium analyses is a 
calcium carbonate. Despite considerable effort I have been unable to obtain 
this salt free from magnesium. Indeed, no other calcium salt that I have 
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investigated is completely free from magnesium. Magnesium rod, however, 
may be obtained containing 99.95% of magnesium with approximately 
0.02% of calcium. In effect this may be regarded for standardization purposes 
as 99.963% magnesium, though some samples may be of even higher purity. 
A quantity (200.07 mg.) of magnesium rod, sawn into small pieces and dissolved 
with 5 ml. of constant boiling hydrochloric acid and diluted to 1 liter with 
doubly ditilled water, may be used as a stock standard. To provide a 
working standard of 0.01 mg. per ml. the stock standard is diluted 20 times 
with twice distilled water. All solutions are kept in polyethylene flasks. 

For reasons noted above, the calcium standard is a derived standard. 
After standardization of the versene with magnesium and determination of 
the reagent blank, a calcium standard may be made up for occasional use by 
titration of a given amount of calcium with the versene. The addition of a 
known quantity to an accidentally overrun titration may save the day when 
the quantity of the original serum sample is small. 

Since calcium is titrated along with magnesium when using Erio black T 
a known volume of calcium solution is added to a known volume of magnesium 
solution and titrated. The additional versene required is equivalent to the 
calcium content of the mixture. Connors (2) has pointed out that when 
he used an old sample of ammcnium purpurate there was a difference of as 
much as 5% in the values obtained with versene standardized with Erio 
black T. With recently purchased dyestuffs in freshly prepared solution, 
I have sometimes found that there is a slight difference, but not more than 
1.2%. With older solutions, the difference becomes larger. It is probable, 
as he suggests, that the age of the preparation is responsible for the difference, 
but there is also a possibility that gravimetrically analyzed calcium contains 
some occluded magnesium, though hardly in a sufficient amount to account 
for all the difference. 

A quantity (255 mg.) of highest quality calcium carbonate is dissolved 
in a liter of doubly distilled water. Diluted 1 to 10, a working standard is 
made slightly higher than 0.01 mg. Ca per ml. It is titrated with versene, 
previously standardized with magnesium and Erio black T, with ammonium 
purpurate as the indicator and adjusted to 0.01 mg. per ml. From a stock 
solution, 2 g. versene per liter, 55 ml. is taken, diluted to 1 liter with doubly 
distilled water, titrated against standard magnesium solution, and adjusted to 
a concentration 8.24 ml. equals 0.10 mg. of magnesium. Five milliliters of 
this solution is equivalent to 0.10 mg. of calcium. 


Purification of Reagents 

For some purposes the traces of contaminants in the reagents used are 
of little consequence. The small quantities measured in these analyses 
make it desirable to have as small blanks as possible. Especially is this 
true when the quantities of 0.2 ml. of serum, for example, are used, as is 
frequently the case in paediatrics. 

Calcium and magnesium are common contaminants of distilled water and 
further contamination is acquired by storage of the water or solutions in 
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glassware. The take-up is greater from lime glass than from pyrex or other 
hard glasses, but is readily detectable after the solution has stood for 24 hours 
even in these, and the solutions become unusable after standing 1 week. 
Ammonia and hydrochloric acid as purchased in glass containers likewise 
contain considerable amounts of calcium and magnesium and require purifi- 
cation to reduce the blanks in the tests. Three systems of ‘“‘deionizing”’ 
water have been tried, but the results were inferior to those with a block-tin 
still. The distillate from a block-tin still, after redistillation in a pyrex still 
and storage in polyethylene flasks gives a ‘blank’ which remains unchanged 
for weeks. This doubly distilled water is used for making stock solutions 
and all subsequent dilutions. Ammonium hydroxide and hydrochloric acid 
are distilled from a pyrex still and collected also in polyethylene bottles. 
Ammonium chloride is produced by distilling ammonia into redistilled 
hydrochloric acid and crystallizing the salt. The usual processes of recrys- 
tallization of the best obtainable commercial product do not yield very 
acceptable results, though some degree of purification may be achieved. 

Highest quality sodium hydroxide sticks in excess are dissolved in distilled 
water leaving some undissolved, allowed to cool, then shaken vigorously on 
a mechanical shaker for 30 minutes. A portion is filtered through a fine 
grade sintered glass filter, diluted about 11 times with doubly distilled water, 
titrated with standard acid, and adjusted to normality. One milliliter of 
normal alkali is added to 24 ml. of doubly distilled water and 0.5 ml. of 0.1% 
ammonium purpurate and titrated for a blank reading. If the blank exceeds 
0.07 ml., it should be discarded. A portion of the concentrated solution is 
poured off, expired air is blown through it, and the solution allowed to stand 
over night. It is then shaken on the mechanical shaker, filtered as above, 
diluted, titrated, adjusted to normality, and tested as before mentioned. 

Blanks of 0.04 with versene are frequently obtained in this way. While a 
pH of higher than 10 is essential in the titration of calcium with ammonium 
purpurate, a buffer of lesser alkalinity pH 8.5-10 is required for titration of 
magnesium. The buffer recommended by Diehl, Goetz, and Hach (3) has 
been found satisfactory, but to ensure a low blank the solution should consist 
of redistilled ammonia and ammonium chloride prepared by distilling ammonia 
into redistilled hydrochloric acid and crystallizing the salt. A quantity 
(6.75 g.) of the ammonium chloride is added to 100 ml. of 16.25% ammonia. 
The ammonia concentration should be checked with standard acid and the 
buffer should be kept in a securely stoppered container. The solution should 
be made up in small quantities because of the ease with which ammonia is lost. 
The blank is titrated with versene by adding 0.5 ml. of the Erio black T 
solution and 1 ml. of the buffer to 24 ml. of doubly distilled water. A blank 
of 0.12 ml. is satisfactory but blanks of 0.07 ml. are not uncommon. 


Titration of Magnesium and Calcium 
When such small quantities are involved, two measurements—the measure- 
ment of the specimen and the measurement of the versene—should be as 
exact as possible. The remaining measurements may be less exact without 
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causing a considerable change in the result. Standardardized pipettes and 
burettes should be used for the important measurements. For 5 and 10 ml. 
quantities certified volumetric pipettes are used. For 1 and 2 ml. quantities 
recalibrated pipettes of the Ostwald Folin type are used. When 0.2 ml. 
quantities are to be pipetted, Ostwald Folin pipettes, recalibrated to contain, 
are used and, after they are drained, are washed out five times with doubly 
distilled water. The burette is of 10 ml. capacity marked in 1/50 ml., recalibrated 
and yielding drops of 1/100 ml. The tip may be a stainless steel needle, or a 
20 gauge platinum tubing may be fused in the glass. A little tap grease on 
the tips helps to maintain the size of the droplets at a minimum value. Long 
burettes of smaller capacity are sometimes useful. The pyrex titration 
beaker is usually of 50 ml. capacity wrapped at 22 ml. capacity with black 
tape and is seated firmly in a bakelite cup which prevents movement during 
the titration. The bakelite edge and the masking tape prevent reflections 
from the bottom of the beaker or the under surface of the liquid from entering 
the photronic cell. The titration vessel, when full, acts as a lens and is 
placed as close as possible to the filter to avoid exciting too small an area of 
the cell surface. 

The first task is the determination of the blank. The first result is always 
wrong, the second and third are very close to that of the previous day. It is 
also advisable, when changing from a magnesium to a calcium titration, 
to determine the new blank. The titration beaker should be thoroughly 
washed with distilled water, rinsed twice with doubly distilled water, and the 
outside wiped dry. About 24 ml. of doubly distilled water is poured into 
the beaker, 1 ml. of buffer added and swirled to mix, then 0.5 ml. of Erio 
black T solution is added. The order isimportant. The beaker is placed on 
the bakelite cup and the contents stirred with a glass spade previously washed. 
The cell is masked with a No. 258 filter and the current is turned on. The 
microammeter indicator moves, then steadies in a new position. Four or 
five drops of versene are added and the contents of the beaker stirred, the 
indicator assumes a new position, mentally noted. More versene is added 
dropwise with stirring and the change of position of the indicator noted. 
The change in position becomes small, then ceases. A further drop is added 
without change in the indicator or if a galvanometer is used, a reversal of 
the direction may occur. The burette reading minus 0.01 ml. is the blank 
reading if confirmed by repetition. It may be assumed that a larger quantity 
of versene will be needed in the next titration, which will dilute the color. 
Approximately this amount is added and the position of the light, the opening 
of the iris diaphragm, and the volume control are adjusted to block out 
variations in main light current from causing fluctuations in the secondary 
circuit. A position } open for the iris diaphragm is a useful one; maximum 
illumination of the beaker within the capacity of the volume control to 
place the meter indicator in the lower ranges is aimed at. If an elevator is 
operated, a series of vibrations of the meter takes place because of voltage 
drop in the main line current. At this point the novice will possibly order a 
voltage regulator, which is actually a great convenience, but a little experience 
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permits one to do without it. The volume control knob is turned to move 
the meter indicator in the direction of the major deflection and the iris 
diaphragm is moved to keep the indicator on the scale. If this adjustment 
is done in the upper part of the scale, the lesser voltage changes will be cancelled 
out in the lower range. Further changes in the volume control adjustment 
should be made about the middle of the scale. In subsequent titrations the 
iris diaphragm is used to keep the meter indicator in the lower range of the 
meter scale. 

Magnesium is used to standardize versene. After a beaker is washed with 
distilled water and rinsed twice with doubly distilled water, 10 ml. of the 
working standard 0.01 mg. per ml. is pipetted into the beaker and approxi- 
mately 14 ml. of doubly distilled water and 1 ml. of the ammonium hydroxide — 
ammonium chloride buffer are added and swirled. Erio black T solution, 
0.5 ml., is added and the mixture, which is now quite red, stirred and placed 
in the bakelite cup. When the current is switched on the meter indicator 
moves across the scale. To avoid straining the meter by overload, the volume 
control shunt may be used. Add the versene from the burette, stirring 
intermittently. As the end point is approached, the red color fades and a 
bluish tinge appears which becomes more intense as more versene is added. 
At the same time the meter indicator returns toward zero. When one droplet 
moves the indicator less than 0.1 microampere, the titration is complete. 
Add another drop to be sure. Read the burette and subtract 0.01 ml. This 
value is the titration value of the versene in terms of magnesium plus the 
blank. Minus blank it should be 8.24 ml. for 0.1 mg. of magnesium. Adjust 
the stock versene with doubly distilled water and titrate anew. I prefer to 
continue until satisfactory duplicates yield a factor negligibly different from 
1.00. Then 0.1 mg. of calcium is equal to 5 ml. of versene. Pure magnesium 
solutions or mixtures of calcium and magnesium may then be titrated in a 
similar manner. On removing the calcium from a mixture the magnesium 
may be titrated separately and the calcium content determined by difference. 
The calcium content may also be determined with ammonium purpurate 
and subtracted from the total. The results are practically identical. 

Titration of calcium also begins with determination of the blank. To 
24 ml. of doubly distilled water is added 1 ml. of normal NaOH and 0.5 ml. 
of 0.1% ammonium purpurate. The position of the projector lamps is 
changed approximately as indicated (it is impossible to give an exact position 
since it changes as the lamp ages). After stirring, two drops of standardized 
versene are added. Probably nothing happens, but the titration is continued 
dropwise until the moving indicator remains still. During this time a color 
change occurs in the solution which is not so marked as with the magnesium 
titration. The burette is read after an additional drop fails to move the 
indicator and 0.01 ml. subtracted from the burette reading is the blank. As 
usual, the first determination is wrong; repetition is necessary. Barring 
accidents, the blank will be the same as the day before but critical deter- 
minations should never be done without this precaution. The filter used in 
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this case is Corning No. 273 instead of No. 258 as used in the magnesium 
determination. Adjustments to blank out the vibrations of the meter are 
made as described in the preceding section. 

To titrate a standard calcium solution the same procedure is followed as 
with the magnesium. To titrate calcium in serum, 1 ml. of serum is normally 
added to 24 ml. of water. One milliliter of normal alkali is sufficient to 
dissolve the protein and still maintain the hydrogen ion concentration necessary 
for titration with versene. The mixture has a slight opacity which remains 
constant. As it is more marked with postprandial bloods, we prefer fasting 
blood samples. Ammonium purpurate solution, 0.5 ml. of 0.1% is stirred 
into the mixture. Because of the initial opacity the lamphouse may be 
moved a little nearer the titration beaker than it can with limpid solutions. 
Titration with versene proceeds in the same way as with pure calcium solution. 
At first little change takes place in the color or position of the indicator. 
Calcium in excess of that combined with the dyestuff is being titrated. Then 
the color deepens and the indicator moves. Cessation of movement should 
be followed by the addition of another drop to prove the result, the burette 
reading is taken, and 0.01 ml. subtracted. This figure represents the calcium 
content of the serum plus blank. Subtracting the blank and doubling the 
remainder gives the amount of calcium in mg. per 100 ml. of serum. 

To compare the accuracy of this rapid method of serum calcium estimation 
with that of a standard method, a small series was analyzed by an experienced 
technician and the remainder of the serum was given to me. Except when 
the quantity of serum was not sufficient, the analyses were done in duplicate 
and the results compared with those obtained with the Clark—Collip—Fiske 
method. 


TABLE I 


COMPARISON OF VALUES OF SERUM CALCIUM AS OBTAINED BY 
TWO METHODS OF ANALYSIS 








Serum calcium, mg. per 100 ml. 








New method Clark—Collip—Fiske method 
9.6 9.8 10.3 
10.0 10.0 10.0 
9.96 9.84 9.8 
10.16 10.2 10.4 
9.40 9.48 9.5 
9.5 — 9.5 
10.0 — 9.8 
9.96 9.92 oa 
10.24 10.24 10.4 





It is apparent that the results of the two methods are very similar. There 
is tendency for the results of the new method to be slightly lower, about 
0.1 mg. per 100 ml. In the thousands of tests my associates have now 
carried out, it has been found that no normal calcium value is higher than 10.2 
mg. per 100 cc. of serum (9). The lower limit of normal is 8.8 mg. per 100 ml. 
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for this method. The table also indicates the difference between duplicate 
determinations commonly found. A much closer correlation is to be found 
when pure solutions are titrated. 


With appropriate modification in definition and terminology the author's 
methods may be employed in determining water hardness. There are, 
however, special circumstances in which the presence of other contaminants 
influence the results. Many of these may be eliminated by adequate dilution, 
others require special treatment. The discussions of Connors (2), Diehl, 
Goetz, and Hach (3), and Betz and Noll (1) should be consulted. 


Among the few chemicals which interfere with the estimation of calcium 
in biological fluids is phosphate. Direct determinations on urine with 
ammonium purpurate and versene, however, can be made with reasonable 
accuracy by sufficient dilution of the specimen. I prefer to substitute a 
100 ml. beaker for the usual 50 ml. with doubly distilled water and titrate 
with standardized versene as usual. Even with the additional diameter 
of the beaker the amount of ammonium purpurate need not be increased. 
The amount of normal sodium hydroxide is increased to 2 ml. to maintain 
the desired alkalinity in the presence of the phosphates. A special blank 
is therefore required for this determination. The usual titration beaker 
may also be used and the volume of water increased to 35 ml. without 
otherwise altering the technique. The difference in the calcium analyses 
discovered in the 24 hour urine with this refinement amounts to an increase 
in the value of about 4 mg. per day. Considering the errors in collection of 
urine, my associates may be right in holding that the slightly greater accuracy 
demonstrated is not commensurate with the added work introduced. With 
faeces the amount of phosphate may be so great as to render this method 
impracticable unless a tedious process of separating the calcium from the 
phosphate is resorted to. 


There is an alternative method one may use when both the calcium and 
magnesium content of urine and faeces are to be estimated. Erio black T 
may be used to determine magnesium alone or both the calcium and the mag- 
nesium. Taking the latter case first, 1 ml. of urine is measured into 24 ml. 
of doubly distilled water, 1 ml. of the ammonium hydroxide —- ammonium chlo- 
ride buffer, and 1 ml. of 0.035% Erio black T are added and the mixture 
titrated with standardized versene as previously discussed. The burette reading 
minus the blank represents the calcium and magnesium content of the urine. 
The magnesium alone is titrated similarly, after the removal of the calcium as 
oxalate. Shohl (8a and 8d) has shown that this separation can be made by 
using methyl red pH 4.2-6.3 as an indicator of the hydrogen ion concen- 
tration. I find that the range can be narrowed by using another indicator. 
A saturated solution of propyl red pH 4.6—6.6 in saturated alcoholic bromcresol 
blue pH 3.8-5.4 is used. This indicator becomes red below the pH level, 
4.0, at which the soluble acid calcium oxalate is formed, and greenish blue 
at pH 5.4 above the level at which magnesium and phosphates will come 
down. Intermediately, the solution is yellow. The solution is adjusted 
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to pH by means of hydrochloric acid and ammonia. The urine, 20 ml., 
is measured into a 25 ml. volumetric flask, 0.5 ml. 10% oxalic acid is added 
with a few drops of indicator, the pH is adjusted to the intermediate range 
or perhaps slightly toward the acid side, to favor the removal of COs, and 
water is added to 25 ml. Calcium oxalate will precipitate completely 
overnight but precipitation, as McCrudden (6) has shown, may be greatly 
accelerated by shaking the sample. One minute’s vigorous shaking will 
bring down 98% of the calcium. Five minutes’ shaking brings it all down. 
We use 10 minutes’ shaking on a mechanical shaker in a pyrex Erlenmeyer 
flask and filter through a No. 44 Whatman filter. One milliliter or more 
of the filtrate is then titrated for the magnesium content. The titration 
value multiplied by 5/4 represents the magnesium concentration content 
in the original urine. No calcium can be detected in the filtrate with the 
ammonium purpurate test. 

It seemed of’ interest to learn whether the calcium removed from the urine 
would correspond to the value obtained by subtraction. The filter paper 
was washed with water, dried, and burned in a platinum crucible. The 
ash was taken up with NV/10 HCl made to volume and an aliquot titrated 
by the ammonium purpurate method for calcium. 


TABLE II 
SEPARATION OF CALCIUM AND MAGNESIUM IN URINE 














Average titration Ca and Mg Mg equivalent, Ca equivalent, 
Sample value minus blank, ml. equivalent, ml. ml. found ml. calc. 
Urine, 1 ml. 15.48 15.48 
Filtrate, 1 ml. 8.28 10.35 10.35 9.85 
Ash from 
0.8 ml. urine 4.13 5.16 
found 





Table II indicates that a satisfactory separation of calcium and magnesium 
in urine can be accomplished by this method. For clinical purposes it is 
sufficiently exact to estimate the calcium in urine by the ammonium purpurate 
titration and calcium plus magnesium by the Erio black T method, when 
but one or two specimens must be analyzed. When larger batches of tests 
are to be performed the saving of time is not so marked if the work is properly 
organized, since the apparatus must be changed and a new blank established 
for two methods instead of one, unless two sets of apparatus are available. 

Limitation of the number of procedures contributes greatly to the accuracy 
and the saving of time in these analyses. Unfortunately, in the analysis 
of diets and faeces, more steps and more individual attention must be given 
to each determination, and consequently more time is expended. On the 
other hand, 3-day collections can be analyzed instead of 24-hour collections, 
which tends to decrease the total work of the laboratory. 

The procedure for faeces is here outlined. The 3 day collection of wet 
faeces is thoroughly mixed with concentrated nitric acid, an equal weight if 
the stool is firm, 1/10 as much if liquid in consistency. Strict orders are 
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given that the diet should not be excessively fatty as it may be if vegetable 
salads with oil or mayonnaise are provided. No mineral oil should be given 
to the patient. Nevertheless, a fume cupboard may be used and glasses 
worn for the protection and comfort of the operator. If these precautions 
are neglected the danger may be largely eliminated by a nitric acid digestion 
preceding the use of perchloric acid and pointing the digestion tube away from 
the operator at all times. After the stool has been mixed the specimen is 
made up to a definite volume. One per cent of this volume is placed in a 
transparent silica tube, 1 ml. concentrated nitric acid is added, the mixture 
evaporated to dryness, then cooled. Perchloric acid (0.4 ml.) and 0.4 ml. 
concentrated sulphuric acid are added and heat gently applied. Destruction 
of the organic matter is very rapid. With increased heat the perchloric 
acid is distilled off, then the sulphuric acid is almost completely volatilized. 
After cooling, 1 ml. of 10% HCl and 10 ml. of water are added and heat 
applied. More HCl and water up to 25 ml. are added if necessary to effect 
solution. Since an excess of iron would interfere with the subsequent titration, 
iron must be removed. The clear solution is transferred to a 50 ml. volumetric 
flask, two drops of propyl red —bromcresol blue indicator are added, and the 
color adjusted to a reddish yellow with no trace of green. On the addition 
of ammonia the iron precipitates. The digest solution is then made up to 
volume and filtered. An aliquot is titrated with versene and Erio black T 
to obtain the calcium plus magnesium content. To remove calcium from the 
solution, the same procedure as for urine is adopted except that 1 ml. of 10% 
oxalic acid is used. An aliquot is then titrated with versene and Erio 
black T. The burette reading minus blank is the versene equivalent of the 
magnesium in the aliquot. From this data the calcium and magnesium 
content of the original ash can then be calculated. 

To an aliquot of an acid digest of faeces were added known amounts of 
calcium and magnesium and the separation and titration of both elements 
carried out as indicated above on this solution as well as the original digest. 
The recovery of both added metal ions was 99% of that predicted by 
calculation. 

It should be noted that the initial measuring process is unsatisfactory. 
The difficulty of adequate mixing, the small percentage of the stool employed, 
the presence of particulate matter, the necessity of using wide-mouthed 
pipettes, in short, the inaccuracies in sampling process, inevitably increase 
the discrepancies between duplicate determinations. Frequently, the 
discrepancy between duplicates is as great as 10%. A better selection of 
foods used in the test diet, and improvement in the method of treatment of 
the faeces in the preliminary steps, seems desirable. 
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STEROIDS AND RELATED PRODUCTS 
X. 17a-BROMOPROGESTERONE, A NEW POTENT GESTOGEN'? 


Cu. R. ENGEL AND H. JAHNKE 


Abstract 


The synthesis of a new derivative of progesterone, 17a-bromoprogesterone, 
from pregnenolone acetate, is reported. The product was found to be a potent 
gestogen in contradistinction to its isomer, 21-bromoprogesterone. 


Introduction 


During the third and fourth decades of the present century endocrinological 
research received a tremendous stimulus from chemical and biochemical 
investigations on the preparation of active glandular extracts and the purifi- 
cation and chemical isolation of the active principles. This phase of hormone 
research, to which James Bertram Collip has made most remarkable and 
fundamental contributions, was closely followed by investigations concerned 
with the determination of the exact chemical nature of the hormonal factors; 
in a relatively short period of time the structures of the non-protein and 
non-peptidic steroidal hormones were elucidated and their partial and total 
syntheses were achieved. On the other hand, the fact that chemically 
so closely related products as the various steroid hormones have distinct and in 
some instances even antagonistic physiological properties, initiated, soon after 
the discovery of their structures, the study of the relationship between chemical 
constitution and biological activity in this new field. This study did not 
remain confined to the investigation of natural hormones but artificial varia- 
tions of structure were also attempted and their biological consequences were 
observed. Thus, Ruzicka and co-workers found that the introduction of a 
17a-methyl group led to a potent testosterone derivative with marked oral 
activity (28, 32). Subsequently, in the course of the last eight years, the 
17a-methyl analogues of all natural steroid hormones, with the exception 
of aldosterone, were prepared in the laboratories of Ruzicka, Doisy, and 
Collip. One of the salient findings of these investigations is that the addition 
of a 17a-methyl group to the steroid nucleus results in an increase of proges- 
tational activity (6, 7, 17, 20, 26). The importance of the nature of the 
17a-substituent of steroid hormones of the progesterone—corticoid group is 
further illustrated by the fact that the glucocorticoid, anti-inflammatory, and 
progestational activities are greatly influenced by substitution in position 
17a with a hydroxy group. 

For these reasons it appeared to us attractive to investigate the biological 
effects of further changes of structure at position 17. The introduction of 
halogen atoms into position 17a@ seemed of particular interest since other 

1 Manuscript received June 10, 1957. 

Contribution from the Collip Medical Research Laboratory, the University of Western 


Ontario, London, Ontario. 
2 For paper IX of this series see Reference 25. 


Can. J. Biochem. Physiol. 35 (1957) 
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halogen substitutions in positions vicinal to an important ketone or carbinol 
grouping can lead to biologically highly active products; thus, several 9a- 
or 12a@-halogenated 11-oxygenated steroids are potent corticoids (cf. 1, 10, 
11, 12, 13, 19, 21, 22, 33, and 35), 21-fluoroprogesterone is a very active 
gestogen (8, 34), and some 21-fluorinated corticoids also possess marked 
activity (18). 

In this paper we wish to report the preparation of the first 17a-halogenated 
steroid hormone of the progesterone—corticoid series, namely that of 17a- 
bromoprogesterone.* 


The Chemistry of a 17a-Bromoprogesterone 


The synthesis followed classical lines. The known 5a,68,17a@-tribromo- 
3B-acetoxy-20-oxo-5-allopregnane (Va) (9, 20, 29) served as starting material. 
It was prepared from A*-3B8-acetoxy-20-oxopregnene (I) via the mixture of 
the isomeric enol acetates II and III, according to Fieser’s method (9). We 
found that the amount of acetic anhydride used in the enolization reaction 
could be reduced considerably; furthermore, we carried out the bromination 
in the presence of potassium acetate, in order to avoid side reactions (compare 
16, 23). 

The acetate group of the tribromo compound Va was hydrolyzed with 
hydrogen chloride in a mixture of absolute methanol and methylene chloride, 
and the resulting unstable hydroxy tribromide V oxidized with chromic acid in 
acetic acid, or in acetone in the presence of sulphuric acid (compare 2, 4) to the 
tribromo ketone IV; this unstable product was not isolated in the pure state 
but debrominated selectively in positions 5 and 6 with sodium iodide in boiling 
acetone. Part of the reaction product (compare VII) had undergone rearrange- 
ment to the A‘-3-keto derivative VIII during the reaction; in order to complete 
the shift of the double bond, the crude product was treated for a short period 
with hydrochloric acid in boiling ethanol. The resulting crude 17a@-bromo- 
progesterone (VIII) was purified by chromatography on silica gel and by re- 
crystallizations from ether—hexane. The structure of the new hormone analogue 
was confirmed by elementary analysis and by its ultraviolet and infrared 
absorption spectra. The infrared spectrum of the product is reproduced in 
Fig. 1. The typical levorotatory shift of 20-ketones brominated in position 
17 (5, 20) was observed. The structure was further corroborated by the 
conversion of bromoprogesterone VIII to 16-dehydroprogesterone (IX) (3, 15) 
with collidine. The a-configuration of the 17-bromo-substituent of 20-oxo-17- 
bromides obtained by bromination of the 20-ketone function seems well 
established from the work of Wendler et al. (36); the biological activity of the 
progesterone derivative VIII further sustains this assignment of configuration. 

In a second series of experiments, 17a@-bromoprogesterone was also obtained 
by an alternative route, which is considerably more advantageous than the 
above described method as all intermediates of the second route are stable 

3D. A. Lyttle and R. H. Levin have recently disclosed in a patent (U.S. Patent 2,705,720, 


Apri! 1955] the preparation of a 17-bromoderivative of the hormone analogue 11-oxopro- 
gesterone. 
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and can be crystallized. The tribromoketone Va was selectively debrominated 
to the monobromoketone VIa (20, 24) by the action of sodium iodide in 
boiling acetone; this procedure gave better results than the prolonged treat- 
ment at room temperature. The acetate group of Vla was hydrolyzed with 
hydrogen chloride in methanol, or with perchloric acid in methanol (compare 
14) and the resulting hydroxy-bromo-ketone VI was oxidized with chromic 
acid in acetone, in the presence of sulphuric acid. The crude reaction product 
(compare VII) was directly rearranged to 17a-bromoprogesterone (VIII). 


EXPERIMENTAL! 6 
5a,6B,17a-Tribromo-3B-acetoxy-20-oxo-5-allopregnane (Va) 

To a solution of 19.758 g. of A°-38-acetoxy-20-oxopregnene (I) in 1 liter of 
acetic anhydride was added 5.56 g. of p-toluenesulphonic acid. The volume 
of the solution was slowly reduced by distillation to 500 ml. in the course 
of 8 hours. Subsequently the majority of the solvent was removed in vacuo 
and the residue was extracted with ether. The ethereal solution was washed 
successively with water, ice-cold saturated bicarbonate solution and water, 
and then was dried. The solvent was removed and the resulting product 


CH, CH, CH, 
| | 
co C-OAc AcO-C 
— og ss agn 
AcO AcO AcO 
1 i "i 
l J 





! 


CH, CH 





| be 
co co 
--Br --Br 
—_> 
i RO 
Br 
Br 
IV V, ReH vi, R=H 
| Va,R= Ac Via, R= Ac 
: te the 
co co co 
Br ~Br 
c@) 1) 1?) 
vil vill Ix 


4 The melting points were taken in evacuated capillary tubes and were corrected. 

5 The microanalyses were performed by Mr. J. Alicino, Metuchen, N.J., to whom we express 
sincere appreciation. 

6 The aluminum oxide used for chromatography was treated as described by Ch. R. Engel 
and G. Just. J. Am. Chem. Soc. 76, 4909 (1954) (see footnote 18). We wish to thank 
Messrs. Merck and Co., Montreal, for kindly providing the reagent aluminum oxide. 
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dissolved in a small amount of benzene and absorbed on 200 g. of aluminum 
oxide (pH 6). Elution with 1.5 liters of benzene yielded 19.477 g. of a yellowish, 
crystalline mixture of the enol acetates II and III. 

This mixture was dissolved in 250 ml. of acetic acid and to this was added, 
dropwise and with stirring, within 10 minutes and at room temperature, 
a brominating solution composed of 17.09 g. of bromine, 103.6 ml. of acetic 
acid, 4.762 g. of potassium acetate, and 3 ml. of water. By the time the 
addition of the bromine solution was completed, the tribromide Va had 
started to crystallize from the reaction mixture. Filtration afforded 20.665 g. 
of colorless leaflets which yielded, after one recrystallization from methylene 
chloride—methanol, 19.148 g. of the tribromide Va, m.p. 156-157°. The 
mother liquors were combined with the filtrate from the original crystallization 
and to this was added 70 ml. of water. The mixture was heated to 85° 
and treated in the usual manner with 10 g. of zinc dust, for 30 minutes. 
The usual working up afforded an amorphous product which, after chromato- 
graphy, yielded 4.424 g. of the starting material I, m.p. 136-138° (the total 
yield of tribromide Va from I, considering the recovery of starting material, 
was 90%). 


5a,6B,17a-Tribromo-3B-hydroxy-20-oxo-5-allopregnane (V) 

To a solution of 2 g. of the tribromo acetate Va, m.p. 156-157°, in 15 ml. of 
methylene chloride was added 30 ml. of a 1% solution of hydrogen chloride 
in absolute methanol. The mixture was kept in the dark for 24 hours at 
room temperature. Subsequently ether was added and the solution was 
washed with water, ice-cold sodium bicarbonate solution, and again with 
water and dried with sodium sulphate. The volume of the solution was 
reduced to 400 ml. by ordinary distillation and the remaining solvents were 
removed in vacuo. Upon addition of methanol the residue crystallized. 
The yield on filtration was 1.057 g. (57%) of the hydroxy tribromide V, 
m.p. 121-123° decomp.; the melting point was depressed upon admixture 
of tribromo acetate Va. The product was unstable; the melting point after 
recrystallization from methylene chloride—-methanol was lowered to 93-—96°; 
the adduct therefore was used without further purification in the following 
procedure. 


5a,6B,17a-Tribromo-3,20-dioxo-5-allopregnane (IV) 

(a) To a solution of 1 g. of hydroxy tribromide V, m.p. 92—93° decomp., in 
10 ml. of acetic acid was added at room temperature 135 mg. of chromic acid 
in 2 ml. of acetic acid and 0.5 ml. of water. After 18 hours the mixture was 
poured into water and extracted with ether. The ethereal solution was 
washed with water, iced sodium bicarbonate solution and water, and was 
dried. The solvent was removed in vacuo; in the course of this procedure 
part of the product crystallized. The mother liquors were taken to dryness 
and the residue was recrystallized from methanol. A yield of 663 mg. (66°%) 
of crystalline tribromo diketone IV, m.p. 92—93° decomp., was obtained. 
The product was very unstable. 
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(6b) A solution of 1.4 g. of hydroxy tribromide V, m.p. 95-96°, in 20 ml. 
of dry acetone was treated with 2 ml. of a solution prepared from 100 g. of 
chromic acid, 160 g. of concentrated sulphuric acid, and 500 ml. of water. 
The reaction mixture was kept for 24 hours at 0° and then extracted with 
ether. The ethereal solution was washed with water, iced sodium bisulphite 
solution, iced sodium bicarbonate solution, and again with water and finally 
was dried over sodium sulphate. Removal of the solvent in vacuo afforded 
1.4 g. of a partly crystalline, unstable product (compare IV) which was 
debrominated without further purification (see below). 


Partial Debromination of the Tribromide IV _ [A°-17a-Bromo-3,20-dioxo- 
pregnene (VII)| 

A solution of the crude tribromo diketone IV (1.4 g.) in 50 ml. of absolute 
acetone was refluxed for 10 minutes with 750 mg. of sodium iodide. The 
mixture was cooled to room temperature and the free iodine was titrated 
with 36 ml. of a 0.1 N thiosulphate solution. Subsequently the mixture 
was extracted with ether and the ethereal solution was washed with water 
and was dried. Removal of the solvent im vacuo afforded 985 mg. of crude 
monobromide VII, containing some A‘-3-ketonic product as indicated by an 
absorption maximum of low intensity at 240 mu. 


17a-Bromoprogesterone (VIII) from the Tribromide Va via the Intermediates 
V, IV, and VII 

A solution of the above-mentioned, crude, amorphous A®-3-keto bromide 
VII (985 mg.) in 40 ml. of methanol was refluxed for 5 minutes with 0.5 ml. 
of water containing one drop of concentrated hydrochloric acid. The product 
was extracted with ether and the ethereal solution was washed with water, 
with iced sodium bicarbonate solution, and again with water and finally 
was dried. The solvents were removed in vacuo and the resulting product 
was dried with benzene. There was obtained 979 mg. of needle-like crystals, 
representing crude 17a-bromoprogesterone (VIII). The product was 
dissolved in benzene and chromatographed on 30 g. of silica gel.? Elution 
with benzene, containing 2% of ethyl acetate, yielded 780 mg. of crystalline 
material which, after one recrystallization from methylene chloride—hexane, 
melted at 162-163°. A sample was recrystallized twice for analysis; m.p. 
162-163°, la}p 20° (c 0.949 in CHCls), AZO" 241 my (log € 4.2), vXBt 
1692 cm.~! (20-ketone), 1661 and 1611 cm.~! (A*-3-keto doublet); (compare 
Fig. 1). Anal. Cale. for Co:;HeaO2Br: C, 64.12; H, 7.43; Br, 20.32. Found: 
C, 64.24; H, 7.39; Br, 20.51. 


A®- 17a-Bromo-3B-acetoxy-20-oxopregnene (VIa) 

The tribromo acetate Va (2.27 g., m.p. 156-157°) in 40 ml. of absolute 
acetone was refluxed for 10 minutes in a nitrogen atmosphere with 2 g. of 
sodium iodide in 10 ml. of absolute acetone. After cooling, the liberated 
iodine was titrated with 75 ml. of 0.1 N sodium thiosulphate solution. Subse- 
quently the product was precipitated with water and filtrated to give 1.315 g. 


7 Davidson’s silica gel 923 was used. 
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of monobromide Vla, which crystallized in leaflets and melted at 140.5—141°. 
The mother liquors yielded another crop of 225 mg. of Vla, m.p. 136-139° 
(total yield 92%). For analysis a sample was recrystallized twice from 
methylene chloride—methanol; m.p. 146-147°. Anal. Calc. for Co3;H3;03Br: 
C, 63.15; H, 7.61; Br, 18.27. Found: C, 63.30; H, 7.63: Be, 16.17. 


A’-17a-Bromo-3B-hydroxy-20-oxopregnene (VI) 

(a) A quantity of the acetate VIa (370 mg., m.p. 144.5—145.5°) was dissolved 
in 15 ml. of absolute methanol containing 150 mg. of hydrogen chloride. 
The solution was kept at room temperature for 24 hours. By addition of 
water, 282 mg. of the hydroxy bromide VI, m.p. 133—135°, was precipitated 
(84% yield). The product sometimes showed a double melting point of 
100°/133-135°. For analysis a sample was recrystallized twice from aqueous 
methanol; plates, m.p. 143.5-144.5°; needle-like crystals, melting at 155—156°, 
were obtained from aqueous acetone; [a] —118° (¢ 1.852 in CHCls). Anal. 
Calc. for Co;H3,0.Br: C, 63.79; H, 7.90; Br, 20.21. Found: C, 63.52; H, 7.73; 
Br, 20.36. 

(b) A solution of 391 mg. of acetate Vla in 15 ml. of methanol containing 
0.38 ml. of 72% perchloric acid was kept at room temperature for 24 hours. 
Upon addition of water, 286 mg. of hydroxy bromide VI, m.p. 139.5-140.5°, 
identical with the product prepared as described under (a), was precipitated. 


Oxidation of A®-17a-Bromo-3B-hydroxy-20-oxopregnene [A°-17a-Bromo-3,20-di- 
oxopregnene (VII)| 

To a solution of 286 mg. of the hydroxy bromide VI in 40 ml. of absolute 
acetone 0.24 ml. of the oxidizing solution described above (prepared from 
100 g. of chromic acid, 160 g. of concentrated sulphuric acid and 500 ml. 
of water) was added dropwise under nitrogen. After 5 minutes the reaction 
product was precipitated with water. A quantity of 239 mg. of crude diketone 
VII precipitated in needle-like crystals which melted at 100—-101° (84% yield). 
Since the ultraviolet spectrum of the product indicated that a shift of the 
double bond had occurred to some extent, the crude product was used without 
purification in the following procedure. 


17a-Bromoprogesterone (VIII) via the Intermediates VIa, VI, and VII 

The crystalline diketone VII (239 mg., m.p. 100-101°) was rearranged as 
described above. By crystallization from aqueous ethanol, 158 mg. of pure 
17a-bromoprogesterone, m.p. 157—159°, was obtained. The identity of the 
sample with the above described product was established by infrared analysis. 


Transformation of 17a-Bromoprogesterone (VIII) to 16-Dehydroprogesterone (IX) 

A solution of 50 mg. of 17a@-bromoprogesterone in 5 ml. of y-collidine was 
refluxed for 1 hour. The mixture was extracted with ether, the ethereal 
solution was washed with dilute hydrochloric acid, with sodium bicarbonate 
solution, and with water and was dried. The amorphous reaction product 
(65 mg.) was chromatographed on aluminum oxide and yielded 25 mg. of a 
crystalline material. The product was further purified by chromatography 
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° ° ° - ec athe 
and recrystallization from ether—hexane; m.p. 184.5-185.5°, AS 234 my 


(log € 4.4), oon 1674 and 1612 cm.~! (A‘-3-keto doublet), 1655 and 1586 cm.~! 
(A'*-20-keto doublet). 


Assay of the Progestational Activity of 17a-Bromoprogesterone 


The new progesterone derivative VIII was assayed at five dose levels 
according to the McPhail test (27) for progestational activity as previously 
described (7, 8). The results were compared to the activities of progesterone 
and 21-bromoprogesterone. Fifty-two animals were used in the assay. 


RESULTs AND DISCUSSION 
The degree of progestational activity of 17a@-bromoprogesterone is com- 
pared with that of progesterone and 21-bromoprogesterone in Table I. 


TABLE I 


COMPARATIVE PROGESTATIONAL ACTIVITIES 


Activity 

Dosage 17a-Bromoprogesterone Progesterone 21-Bromoprogesterone 
in uM. (1 uM. = 393.4 pug.) (1 uM. = 314.4 pug.) (1 uM. = 393.4 pg.) 

0 0,0,0,0,0 (Controls) 

0.33 +2, +2 +i, <+1 

0.5 +3, +3, +3, +2, +3, +1 +3, +1, +1, +1, +2, <+1 

1.0 +4,44,+4, +4, +4, +4 +4, +3, +3, +2, +2, +2 

‘3 +3, +3, +3 

2.0 +4, +4, +4 +4, +4, +3, +3 

5.0 +4, +4, +4, +4 

10.0 +4, +4 +1, +1, 0 








Our results indicate that the new 17-brominated progesterone is a potent 
gestogen, its activity exceeding that of the natural hormone approximately 
by a factor of two. In view of this fact we considered it of interest to compare 
the progestational activity of 17a-bromoprogesterone with that of the 
21-brominated product (30), since in both these compounds a carbon atom 
vicinal to the 20-keto function is brominated. Like 21-chloroprogesterone 
(8, 30, 31), and in contrast to the 17-bromo-isomer and the 21-fluoro-derivative 
(8, 34), 21-bromoprogesterone® was found to possess only very weak progesta- 
tional activity; it is almost inactive at a dose levelof 10 uM. This finding 
shows that the high biological activity of 21-fluorinated steroids is not 
characteristic of the 21-bromo- or 21-chloro-derivatives (cf. 8) and indicates 
that halogenations in positions 21 and 17a, both vicinal to the 20-keto group, 
have remarkably different biological effects. 


8 Sincere thanks are expressed to Professor T. Reichstein, Basle, for kindly supplying a 
sample of 21-bromoprogesterone. 
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METABOLIC CHANGES ASSOCIATED WITH TRANSPLANTABLE 
ACTH-PRODUCING PITUITARY TUMORS OF THE MOUSE! 


ROBERT BAHN,? HILDEGARD WILSON, LEONARD KEDDA, 
JAcosB FuRTH, AND EVELYN ANDERSON 


Abstract 


Following the implantation of adrenocorticotrophin-producing tumors into 
LAF; mice, a reproducible syndrome was observed which was characterized by 
adrenal cortical hypertrophy, thymic atrophy, lymphopenia, ovarian atrophy, 
cessation of estrus cycles, obesity, polydipsia, and polyuria. These changes 
appeared after intervals of a few weeks or several months, depending on the 
secretory activity of the tumor. Metabolic balance studies indicated an 
increased excretion of nitrogen and potassium. In place of an intolerance to 
glucose in the tumor-bearing mice, there was an apparently increased tolerance, 
presumably due to the presence of the large tumor mass. Observations on intact, 
castrated, and hypophysectomized mice bearing ACTH tumors suggested that 
the Cs; steroids of LAF; mice possess moderate glucocorticoid as well as 
discernible mineralocorticoid activity; the Cig steroids apparently are either 
very weak or inactive androgens, but may be capable of directly affecting the 
anterior pituitary and the vagina. 

The occurrence of transplantable adrenocorticotrophin (ACTH)-producing 
pituitary adenomas in LAF; mice was reported in 1953 (11). Hypophy- 
sectomized male mice bearing such tumors (3) showed cessation of somatic 
growth, atrophy of the thyroid, testes, and seminal vesicles, and hypertrophy 
of the adrenals. Hypophysectomized female mice bearing this type of tumor 
showed thyroidal, ovarian, and uterine atrophy, cessation of growth of the 
tibial epiphyseal plate, and adrenal hypertrophy. The lyophilized tumor 
tissue contained small amounts of ACTH when tested for adrenal ascorbic 
acid depleting activity and the melanophore stimulating hormone (MSH). 
There was no evidence of the presence of gonadotrophins, prolactin, or thyroid 
stimulating hormone (TSH) in the tumor tissue. When the ACTH secreting 
tumors were implanted into intact LAF, mice (3, 10, 11) a typical syndrome 
occurred characterized by adrenal hypertrophy, thymic atrophy, lymphopenia, 
ovarian atrophy, polydipsia, polyuria, and obesity. The present study was 
undertaken to define the metabolic alternations which accompany this 
syndrome. 


Materials and Methods 


The metabolic studies here reported were carried out on a selected group 
of LAF, mice bearing tumor No. 2 (3), which produces adrenocorticotrophin. 
Food and water intake and sodium, potassium, and nitrogen balance were 
followed on mice placed in individual metabolic cages designed to collect 
feces and urine separately. 

1 Manuscript received June 21, 1957. 
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Analyses of food, feces, and urine for Na and K were made with the flame 
photometer and the total nitrogen was determined by a micro-Kjeldahl 
method. Urine was tested for reducing substances with Benedict's reagent 
and blood glucose was determined by the micro method of Nelson. Specific 
modifications of these chemical methods have been described in a previous 
publication (1). Glucose tolerance tests consisted of periodic determinations 
of the blood glucose concentration following the intraperitoneal administration 
of 25 mg. of glucose per 10 g. of body weight to non-fasted mice. 

All operative procedures were carried out under nembutal anesthesia. 
Hypophysectomies were performed by the parapharyngeal route. The 
completeness of the hypophysectomies was determined by microscopic 
examination of multiple paraffin-embedded sections of the sella turcica. 
Only mice which survived the hypophysectomy for more than 4 weeks, 
carried a tumor at least 5 mm. in diameter, and showed no anterior pituitary 
remnants were included in this study. All the mice were carefully examined 
at autopsy and tissues for histologic examination were fixed in either 10% 
neutral formalin or Bouin’s solution. Paraffin sections were stained with 
hematoxylin and eosin and by the periodic acid — Schiff method (20) where 
indicated. 

These studies were made approximately 1 year after the isolation of the 
transplantable tumor strains, when the secretory capacity of the tumors 
appeared to have become stabilized at somewhat lower levels than was 
originally noted. 


Results 


Two to four months after implantation of the tumor, distinct morphologic 
changes could be observed in the animals (Table 1). The body weight of the 
tumor-bearing mice was increased and the animals appeared obese. There 
was adrenal hypertrophy, thymic atrophy, marked lymphopenia, and partial 
ovarian atrophy. Histological changes previously described (3) consisted of 
hypertrophy of the cells of the fascicular and reticular zones of the adrenal 
cortex accompanied by marked depletion of lipids in the inner zones. The 
“X” zone usually was absent, but, when present, was markedly atrophic. 


TABLE I 


EFFECTS OF TRANSPLANTED PITUITARY TUMOR 
ON INTACT LAF, FEMALE MICE 


Group Experimental animals Control animals 
Number 11 13 
Body weight (g.) 30 7 Ie gg 23.4 0.6 
Adrenal (mg. ) 16.6 1.3 6.4 0.4 
Thymus (mg. ) <10 40.9 5.0 
Ovary (mg. ) 5.6 + 0.4 10 '.5 
Uterus (mg. ) 86 + 9.4 111 22 


*Number after + is standard error of the mean. 
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The ovaries were atrophic and contained neither follicles nor corpora lutea. 
The vagina showed partial mucification and there was cessation of the estrus 
cycles. These changes were most marked in the mice which carried the 
early generations of transplanted tumors. 

Tumor-bearing mice and normal mice were placed in individual metabolic 
cages and studies were made of the daily food and water intake. The results 
are summarized in Table II. The tumor-bearing animals drank 3 times as 
much water as controls, excreted a much greater volume of urine, and weighed 
more than the controls. The absolute food intake of the tumor-bearing mice 
was 1.25 times that of the controls. Although the urine volume of the tumor- 
bearing mice was greatly increased, no glycosuria occurred. The difference 
between water intake and output of the mice is attributed to loss of water by 
evaporation from the collection vessels. 

In Table III are recorded the results of a study of the glucose tolerance of 
normal and tumor-bearing mice. All mice were allowed free access to food 
prior to the tests. No glycosuria was observed. The mean initial blood 
sugar of the experimental mice did not exceed that of the normal controls. 


TABLE II 


EFFECTS OF TRANSPLANTED PITUITARY TUMOR ON DAILY 
FOOD AND WATER INTAKE OF FEMALE LAF, MICE 

















No. Body wt., Water intake, ____Foodintake 
Group animals g. ml. /24 hr. g./24 hr. % body wt. 
Tumor + 40.6+3.1 23.8+2.3* 7.0+0.3 2 
Control 5 24.7+1.1 7.8+0.4 5.6+0.2 0 ie 
Ratio: 1.64 3.1 1.25 0.76 
control 
* Number after + is the standard error of the mean. 
TABLE III 
EFFECTS OF TRANSPLANTED PITUITARY TUMOR 
ON GLUCOSE TOLERANCE OF FED LAF, MICE 
Blood sugar, 
mg./100 ml. at various 
times after injection 

Animal group No. Polyuria 0 30’ 60’ 90’ 120’ 
Normal 10* 0 124 234 181 136 106 
t12¢ +17 +10 +8 +14 
With small tumors (early) a 0 102 208 167 125 106 
+8 +46 +35 +15 +11 
With larger tumors (late) 4* 4 70 142 121 121 100 
+12 +16 +11 +10 +21 





* No glucose in urine. 
t Number after + is the standard error of the mean. 
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Following the intraperitoneal administration of 25 mg. of glucose/10 g. of body 
weight to normal mice, the mean blood glucose rose to a maximum of 234 mg. 
© within 30 minutes and returned to the initial level within 2 hours. After 
the administration of the same dose of glucose to the tumor-bearing mice 
which showed polyuria, the blood glucose rose to 142 mg.% in 30 minutes; 
this returned to the normal range within 2 hours. In no instance did the 
blood glucose of the tumor-bearing mice exceed that of the controls. It is 
assumed that the increased tolerance to glucose was due to the presence of 
the tumor, and not due to the increased production of adrenal steroids. 
The possibility of increased utilization is not excluded by the evidence from 
our data. 

Potassium, nitrogen, and sodium balance studies were carried out with 
female mice, both tumor-bearing and normal. The data are recorded in 
Tables IV, V, and VI. The animals were given Purina Chow and allowed 
to eat as much as they desired. One gram of the food was found to contain 
40 mg. nitrogen, 0.261 meq. potassium, and 0.137 meq. sodium. The values 
given for the output represent the total of the urinary and fecal excretion. 
The results of the balance studies represent the mean values for at least 
two periods each of 5—7 days duration. The tumor-bearing mice (Table IV) 
ingested 1.25 times and excreted 1.67 times as much potassium as the controls. 
This represents an excretion of 78% of the intake of K for the experimental 
mice as opposed to 59% for the controls. Obviously there is a very significant 
error in the potassium balance due to the difficulties in accurately determining 
the food intake and the quantity of urine and feces. 


TABLE IV 


EFFECT OF TRANSPLANTED PITUITARY TUMOR ON 
POTASSIUM METABOLISM OF FEMALE LAF; MICE 




















Potassium Potassium % % 
No. intake/24 hr., output/24 hr., K intake K intake 
Animal group animals beq. eq. excreted retained 
Tumor 4 1824 + 60* 1427 +48 78 22 
Control 5 1457 +65 855 +30 59 41 
° tumor . 5 
Ratio: ——— 2.25 1.67 
control 
* Number after + is the standard error of the mean. 


Similar observations were made on the nitrogen metabolism (Table V). 
The tumor-bearing mice ingested 1.25 times as much N, but excreted 1.58 
times as much N as the controls. These tumor-bearing mice excreted 75% 
of the intake of N as opposed to 59% by the controls. 

Studies of the sodium balance (Table VI) revealed that the tumor-bearing 
mice excreted essentially the same amount of sodium as they ingested. These 
average figures do not accurately portray the true course of events, however, 
for there were periods when there was a net sodium retention as well as times 
when there was a net sodium loss. 
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TABLE V 


EFFECT OF TRANSPLANTED PITUITARY TUMOR ON 
NITROGEN METABOLISM OF FEMALE LAF, MICE 




















Nitrogen Nitrogen % % 
No. intake/24 hr., output/24 hr., N intake N intake 
Animal group animals mg. mg. excreted retained 
Tumor 4 279 +9* 210+17 75 25 
Control 5 224+8 133+6 59 41 
. tumor Fs 
Ratio: ———> 1.25 1.57 
control 
* Number after + is the standard error of the mean. 
TABLE VI 
EFFECT OF TRANSPLANTED PITUITARY TUMOR ON SODIUM 
METABOLISM OF FEMALE LAF, MICE 
Sodium Sodium % % 
No.  intake/24 hr., output/24 hr., N intake N intake 
Animal group animals peq. peq. excreted retained 
Tumor 4 952 +32* 885 +30 93 7 
Control 5 767 +34 630 +10 82 18 
. tumor 
Ratio: ——— 1.24 1.40 
control 





* Number after + is the standard error of the mean. 


The analyses of the steroids in the blood and urine of normal and of the 
tumor-bearing mice have been reported by Wilson, Borris, and Bahn (25). The 
serum of the mice with tumors contained about 10 wg. per 10 ml. of a substance 
which was most probably corticosterone, 2 wg. of Cy;-hydroxylated corti- 
costeroids, and 11 wg. of CyO3 and CyO2 steroids. The major corticosteroid 
of urine was not corticosterone but possibly a metabolite of this compound. 
The predominant steroids of urine were CjgO; compounds, of which A*-andro- 
stene-118-ol-3,17-dione was identified. The CQ. steroids also occurred 
in the urine, but no dehydroepiandrosterone, androsterone, or etiocholane- 
3a-ol-one-17 was found. An attempt was made to evaluate the possible 
biological activities of these steroids (7) in terms of the weight of the gonads 
of the intact mice, histology of the seminal vesicles of the castrated and 
hypophysectomized male mice, histology of the parietal layer of Bowman's 
capsule of the female mice (23), estrus cycling of the intact female mice, 
and the vaginal histology of the intact and the hypophysectomized female 
mice (8, 14). 

Ovarian atrophy and cessation of the estrus cycle were observed in the 
intact female mice bearing tumors (Table VII). These changes were accom- 
panied by partial mucification of the vagina in the intact mice and complete 
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mucification of the vagina in the hypophysectomized mice. There was no 
hypertrophy of the parietal layer of Bowman’s capsule in the intact nor in 
the hypophysectomized tumor-bearing mice. In the intact male mice bearing 
the tumor (Table VIII), there was a decrease in the weight of the testes. 
The castrated and hypophysectomized tumor-bearing mice, on the other 
hand, suffered atrophy of the seminal vesicles. From these observations 
one may conclude that there was no evidence of the excretion of potent 
androgens as a result of the presence of tumor, although one may infer that 
the secretion of pituitary gonadotrophins may have been depressed. 


TABLE VII 


REPRODUCTIVE TRACT AND BOWMAN’S CAPSULE OF FEMALE MICE 
BEARING ADRENOCORTICOTROPHIN-SECRETING TUMORS 


Mean Mean Epithelium 


No. body — ovarian Vaginal Vaginal Bowman’s 
Animal group animals wt., g. wt., mg. smear histology capsule 
Intact 13 23 10 Periodic Normal Squamous 
cornification cyclic pattern 
Intact 11 30 5.6 Continuous Partial Squamous 
with tumor diestrus mucification 
Hyphex + 24 3.0 Few Atrophic Squamous 


nucleated cells 


Hyphex with 








tumor 1 22 2.0 Mucus Complete Squamous 
prominent mucification 
Hyphex = hypophysectomized. 
TABLE VIII 
REPRODUCTIVE TRACT OF MALE MICE BEARING 
ADRENOCORTICOTROPHIN-SECRETING TUMORS 
Mean 
seminal 
Mean Mean vesicle Seminal 
No. body testis weight, vesicle 
Animal group animals wt. g. wt. mg. mg. epithelium 
Intact 10 35 212 325 Columnar 
Intact with tumor 23 35 166 316 Columnar 
Castrated with tumor 8 38 25 Low cuboidal 
Hyphex with tumor 4 24 92 44 Low cuboidal 
Hyphex = hypophysectomized. 


Discussion 


The possibility that the tumors of the pituitary may produce and secrete 
ACTH is based on the following evidence (3,10): (1) the normal architecture 
of the adrenal cortex was maintained in the hypophysectomized tumor 
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retaining hosts, (2) weak adrenal ascorbic acid depleting activity has been 
demonstrated on the injection of extracts prepared from lyophilized tumor 
tissue, and (3) adrenalectomy in the tumor-bearing mice prevented the onset 
of the polyuric syndrome and abolished the metabolic disease. The capacity 
of the tumor tissue to accelerate adrenal cortical steroidogenesis in vivo can 
be inferred from the results of metabolic studies of the tumor-bearing mice 
(3,10,11) and from studies of the blood steroids from normal and tumor-bearing 
mice (25). 

The presence of a melanophore stimulating substance in the lyophilized 
tumor tissue may indicate the presence of the true melanocyte stimulating 
hormone (MSH) or it may be indicative of an apparently intrinsic melanophore 
stimulating property of ACTH. It has been suggested (2,19) that exposure 
of ACTH to heating in alkaline medium potentiates the intrinsic melanocyte 
stimulating activity of ACTH but does not potentiate the activity of the 
true MSH. ‘The exposure of dilute acetic acid extracts of our tumor tissue 
in 0.1 N NaOH to heat resulted in a 5 to 10 times potentiation of the MSH 
activity (4,19). The precise chemical nature of the hormones originating in 
the transplantable pituitary neoplasma remains obscure. Some idea of the 
nature of the adrenal corticosteroids of the mouse may be obtained from a 
comparison of our observations with the known biological effects of pure 
corticosteroids. The Cy corticosteroids from the mouse are like the ‘‘gluco- 
corticoids”’ in that they appear to have caused thymic atrophy, lymphopenia, 
accelerated excretion of nitrogen, and an increased susceptibility to infection 
(3,10,11). Shull and associates (24) have reported that the concentration 
of the blood sugar and hepatic glycogen is greater in fasted adrenocorti- 
cotrophin-tumor-bearing mice than in fasted normal mice. The “‘gliuco- 
corticoid” activity is not excessive, however, since in our study, a negative 
nitrogen balance did not occur nor was there any grave intolerance to the 
subcutaneous administration of glucose. The accelerated loss of potassium 
and a high water turnover (12,18) observed in our study might be attributed 


‘ 


to an increase in the output of substances with “‘mineralocorticoid” activity. 
The combined properties of the various gluco- and mineralo-corticoid 
substances mentioned are consistent with the known activities of corti- 
costerone. Metabolites possibly derived from corticosterone have been 
demonstrated in the blood and urine of these mice (25). 

Several investigators have adduced evidence that androgenic steroids 
are synthesized by the adrenal cortex of the normal mouse (13) and by some 
adrenal cortical tumors that occur in these animals (9,15,26). The obser- 
vations of Wilson et al. (25) leaves little doubt that Cyy-steroids form a major 
fraction of the compounds derived from the mouse’s adrenal cortex and found 
in the blood and urine. Although our studies do not indicate the actual 
zonal site of synthesis of these compounds, it is evident that the ““X” zone 
of the adrenal cortex is not the only site of synthesis of Cy adrenal steroids 
since the cortical ‘‘X"’ zone was not present in the adrenals of female mice 


from whose urine substantial amounts of 17-ketosteroids were recovered. 
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Some understanding of the nature of the adrenal Cy) steroids may be obtained 
from a comparison of our observations with the known biological effects of 
pure 17-ketosteroids or their precursors (7). The Cy steroids of the female 
mouse probably have very little, if any, androgenic activity since the weight 
of the male accessory organs decreased after castration and hypophysectomy, 
and masculinization of the glomeruli of the female tumor-bearing mice did 
not occur. The decreased weight of the gonads in both the intact male 
and female tumor-bearing mice and cessation of the estrus cycles in the intact 
female tumor-bearing mice suggests, however, that the C4, steroids are capable 
of inhibiting the secretion of pituitary gonadotrophins. The absence of 
ovarian follicles and corpora lutea suggests that the adrenal Cy steroids may 
play a direct role, also, in the production of vaginal mucification observed in 
intact and hypophysectomized tumor-bearing mice (8,14). Analyses of the 
blood and urine of our female mice bearing adrenocorticotrophin-producing 
tumors indicated the presence of a variety of Cy steroids with as many as 3 
oxygen functions (25). All these compounds possess the biological properties 
which could account for the observed absence of androgenicity (7), the 
inhibition of the secretion of pituitary gonadotrophins (7), and the alteration 
of the vaginal epithelium (7,8,14). 

Several features of the polyuric syndrome were observed which differ 
from the well known effects of the administration of ACTH or pure cortico- 
steroids to rodents (5,6,16,17). These include the induction of a positive 
nitrogen and potassium balance despite accelerated loss of these elements, 
the high water turnover, which is possibly conditioned by a high salt intake 
(21,22), and the positive caloric balance as evidenced by the dramatic increase 
in the body weight. Previous studies by other workers of the effects of ACTH 
on rodents differ from our study here reported in that the ACTH from the 
beef or hog used by others has usually been administered in relatively large 
doses and for periods often less than 4 weeks. 


References 


1. ANDERSON, E., KNowLTON, K., SPENCE, W. T., McCann, S. M., LAgueur, G. L., R1ocu, 
D. McK., and HAyMAKER, W. Acta Neurovegst. 12, 253 (1953). 

. Astwoop, E. B. Jn Pincus, G. and THimann, K. V. The hormones. Vol. 3. Academic 
Press Inc., New York. 1955. pp. 295-296. 

Baun, R., FurtH, J., ANDERSON, E., and GADsDEN, E. Am. J. Pathol. (In press). 

. Baun, R. and EcHENIQUE, R. Unpublished data. 

Baker, B. L. Recent Progr. in Hormone Research, 8, 331 (1952). 

BERGNER, G. E. and Deane, H. W. Endocrinol. 43, 240 (1948). 

DorFMAN, R. I. and Suiptey, R. A. Androgens, biochemistry, physiology and clinical 
significance. Chapman and Hall, Ltd., London, 1956. 

. Frantz, M. J. Cancer Research, 9, 257 (1949). 

. Frantz, M. J. and Kirscupaum, A. Proc. Soc. Exptl. Biol. Med. 69, 357 (1948). 

. Furtu, J. Recent Progr. in Hormone Research, 11, 221 (1955). 

. Furtu, J., Gapspen, E. L., and Upton, A.C. Proc. Soc. Exptl. Biol. Med. 84, 253 (1953). 

. Gaunt, R. Recent Progr. in Hormone Research, 6, 247 (1951). 

Howarpb, E. Am. J. Anat. 65, 105 (1939). 

Huaains, C., JENSEN, E. V., and CLEVELAND, A. S. J. Exptl. Med. 100, 225 (1954). 

Husesy, R. A. and Bittner, J. J. Cancer Research, 11, 954 (1951). 

INGLE, D. J. J. Clin. Endocrinol. 10, 1312 (1950). 

INGLE, D. J., SHEPARD, R., OBERLEE, E. A., and Kurzenca, M. H. Endocrinology, 
39, 52 (1946). 


i) 


SID Ur Ww 


Unik wre © 000 


— be 
ND 





BAHN: PITUITARY TUMORS 1065 


. KUHLMANN, D., RaGan, C., FERREBEE, J. W., ATCHLEY, D. W., and Logs, R. F. Science, 
90, 496 (1939). 

. LANDGREBE, F. W., KETTERER, B., and WARING, H. Jn Pincus, G. and THIMANN, K. V. 
The hormones. Vol. 3, Academic Press Inc., New York. 1955. pp. 423-425. 

. Lititz, R. D. Histopathologic technic & practical histochemistry. The Blakiston Co., 
New York. 1947. 

. RaGan, C., FERREBEE, J. W., Puyre, P., ATCHLEEY, D. W., and Logs, R. F. Am. J. 
Physiol. 131, 73 (1940). 


22. Rice, K. K. and Ricuter, C. T. Endocrinology, 33, 106 (1943). 
3. SeLye, H. J. Urol. 42, 637 (1939). 





. SHULL, K. H., CanrLt, G., GApspEN, E. L., and Mayer, J. J. Biol. Chem. 222, 415 
(1956). 

. Witson, H., Borris, J. J., and Bann, R. C. Endocrinology. (In press). 

. Woo_tey, G. W. and Litter, C. C. Cancer Research, 5, 203 (1945). 








1067 


A NONPROTEIN CONSTITUENT OF PARATHYROID GLAND 
EXTRACTS! 


G. S. STEWART 


Abstract 


Dinitrophenylation of a commercial parathyroid gland extract under mild con- 
ditions yielded a water-insoluble protein derivative and a water-soluble non- 
protein fraction that was nondialyzable and had a pH around 3.5 in dilute 
salt-free solution. The latter fraction was unstable and became partially 
dialyzable upon standing. It would appear that the original extract consists 
of a firm complex between a basic protein and a large, acidic, nonprotein mole- 
cule or aggregation of molecules. There is some evidence that this fraction 
contains sulphur in a covalent form. 


Introduction 


“It is now 30 years since Collip and Hanson first prepared active para- 
thyroid extracts, and yet it is still not known whether the parathyroid secretes 
one or more hormones. ... Without the pure hormone further major con- 
tributions to the understanding of parathyroid physiology are not likely to 
be made.” (Greep and Kenny (3)). Similar views held in this laboratory 
led to the initiation of a study of the number and nature of parathyroid 
gland extract constituents by the characterization of their dinitrophenyl 
derivatives. Preliminary work along these lines has indicated that there 
is present in the extracts investigated a large, acidic, nonprotein molecular 
species, evidence for which will be presented in this paper. 


Experimental 


A commercial preparation? of beef parathyroid gland extract was employed, 
either directly or after preliminary precipitation of the active material with 
trichloroacetic acid. This material, containing 500 U.S.P. units in 5 ml. 
of aqueous solution, was dinitrophenylated by the addition of 500 mg. of 
NaHCoOs, 10 ml. of ethanol, and 0.5 ml. of 1-fluoro-2,4-dinitrobenzene, followed 
by 2 hours’ shaking at room temperature (Sanger (6)). The solvents were 
removed by use of a rotary vacuum evaporator at a maximum temperature 
of 40° C. with two subsequent evaporations from acetone. Excess fluoro- 
dinitrobenzene and residual dinitrophenol were then extracted with ether. 
In some instances the dinitrophenylated extract was extensively dialyzed 
against water in the cold before removal of solvents. Gelatin and egg albumin 
were carried through all steps of the procedure for purpose of control. 

Upon addition of water to the ether-extracted residue, a yellow precipitate 
and a yellow solute became evident. The former was repeatedly washed 
with water and centrifuged until free of yellow solute; the latter was centri- 
fuged several times until no more precipitate appeared and was then rendered 
salt-free by dialysis. 


1Manuscript received July 5, 1957. 
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Qualitative studies were made by the KBr disk method utilizing a model 
12-C Perkin-Elmer infrared spectrometer with an NaCl prism. The solid 
material was mulled in ethyl acetate and placed on the face of the disk. 
The soluble material was first extracted from acid solution with ethyl acetate 
and the ethyl acetate was treated with anhydrous NaeSO, and then placed 
on the disk. In both cases the ethyl acetate was removed by heat from an 
infrared lamp. 


Results and Discussion 


The following scheme shows the fractions studied and how they were 
obtained. 


Ether extracted, dinitrophenylated residue 
| 








+ H,O 
| + Fractionation by repeated washing and 
centrifuging 
| 
| | 
Precipitate Solution (non-dialyzable) 
I-1 SND-1 


To dryness 
+ Standing 
+ H.,O 

+ Dialysis 
| | 


Soluble, nondialyzable Soluble, dialyzable 








SND-2 SD-1 (Infrared) 


| To dryness 





| + Standing 
+ H,0 


| | 


Insoluble Soluble (trace) 





1-2 (Infrared) 


Solubility 

In all preparations the precipitate, I-1, was particularly notable for its 
extreme degree of insolubility; of the myriad tested, pyridine was its only 
solvent. In contrast, the nondialyzable solute, SND-1, appeared to be soluble 
in all solvents tried with the exception of anhydrous ether and ethyl acetate. 
It preferentially dissolved in the latter from acidic aqueous medium. 
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The marked insolubility of the protein precipitate, I-1, suggests that the 
original protein had a preponderance of basic groups now containing the 
hydrophobic dinitrophenyl residue (2). The observation that the water- 
soluble material, SND-1 and SD-1, in dilute, salt-free solution exhibited a 
pH about 3.5 makes it appear that we are concerned in the original extract 
with a rather stable acid—base complex. 

Of equal interest is the strange behavior of the nondialyzable substance, 
SND-1, in degrading to a dialyzable and to a water-insoluble material. An 
explanation might be found here for the instability of some extracts (1) and 
for the manifold nature of fractions of extracts (4). However, in this con- 
nection, mention should be made of the lability of some dinitrophenyl deriva- 
tives as, for example, the cleavage of the O-dinitrophenyl residue of di-dinitro- 
phenyltyrosine upon prolonged washing with water (5). 


Chemical 

The most intriguing facet of this investigation is that, whereas the water- 
insoluble precipitate, I-1, is wholly or partly of protein nature, the water- 
soluble material is found to be devoid of protein, polypeptide, or amino acids 
by every test (e.g., biuret, ninhydrin, tryptophan, etc.). In contrast to the 
precipitate it was negative for amide groups and reducing properties nor 
was it precipitated by salts of the alkaline earths or heavy metals. 


Qualitative Infrared Spectrometry 

Although sampling technique and instrument performance were not ideal 
and the possibility of a masking effect by the dinitrophenyl group existed, 
certain definitive information was obtained from the infrared spectra of the 
soluble dialyzable, SD-1, and the insoluble, I-2, fractions. Within the above 
stated limits, these two fractions appeared to be qualitatively similar. In 
agreement with the chemical tests the following were absent: peptide bond, 
carboxyl, aldehyde, ketone, amide, amine, anhydride, and sulphydryl. 
Not incompatible with the spectra was the possible presence of alcohol, 
ester, and covalent sulphate, of which the last is of major interest inasmuch 
as the preparations of Collip (8) showed a trace of sulphur and those of Tweedy 
et al. (9) contained 0.20%, not identifiable as cystine sulphur. 


The application of the fluorodinitrobenzene reaction to the study of com- 
mercial parathyroid gland extracts has achieved for the first time the separation 
of these extracts into two distinct fractions with their respective protein and 
nonprotein identities. The specificity of the reaction in this respect is estab- 
lished by its reproducibility on numerous occasions and by the failure of the 
reagent either alone or in combination with phenol, glycerol, egg albumin, or 
gelatin to form a similar water-soluble material under the same conditions. 
Meriting further attention is the ability of gelatin to yield a water-soluble 
and a water-insoluble fraction; however, the former was completely precipi- 
tated by trichloroacetic and phosphotungstic acids. 

The relative stability of the original complex between the basic protein 
and the large acidic molecule places the linkage intermediate to that of a salt 
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and a covalent type. The possibility of the presence of a covalent sulphur 
introduces the suggestion of a co-ordinate covalent bonding, perhaps of a 
chelate nature. 

The importance of the above findings in relation to parathyroid gland 
physiology is at the present time obscure. The possible identity of the 
water-soluble fraction with the nonspecific phosphaturic factor in parathy- 
roid gland extracts (7) is currently under investigation. However, regardless 
of any biological implications, these results should permit the search for the 
parathyroid hormone to continue with a lesser degree of empiricism in meth- 
odology. 


References 


. Davies, B. M. A. and Gorpon, A. H. Biochem. J. 61, 646 (1955). 

. FRAENKEL-Conrat, H. and SINGER, B. Arch. Biochem. and Biophys. 60, 64 (1956). 

. Greep, R. O. and Kenny, A. D. Hormones, 3, 153 (1955). Edited by Pincus and Thi- 
mann, Academic Press Inc., New York. 

4. HANDLER, P., Coun, D. V., and Dratz, A. F. Metabolic interrelations with special 
reference to calcium. Trans. 5th Josiah Macy Conf. p. 320. Progress Associates, 
Inc., Caldwell, N.J. 1954. 

. MippLesrook, W. R. Biochem. J. 59, 146 (1955). 

. SANGER, F. Biochem. J. 39, 507 (1945). 

. STEWART, G. S. and Bowen, H. F. Endocrinology, 51, 80 (1952). 

. THomson, D. L. and Cotuip, J. B. Physiol. Revs. 12, 309 (1932). 

9. Tweepy, W. R., BELL, W. P., and ViceNs-Rrios, C. Biochem. J. 108, 105 (1935). 


wh 


onnuw 








1071 


SARIN AND PARAOXON ANTAGONISM IN DIFFERENT SPECIES! 


C. A. DECANDOLE? AND M. K. McPHAIL 


Abstract 


The intravenous LDsp of sarin, alone and in combination with antagonists, has 

been determined in mice by a procedure standardized to control certain variables, 

namely rate of injection, weight, and sex of animals, and volume of fluid injected, 
all of which are known to influence the test. 

Trial of the antagonistic potency of atropine sulphate against sarin and 
paraoxon was also made in anaesthetized animals belonging to four additional 
species—cat, dog, rabbit, and monkey. Relatively fewer animals were used and 
a graded response (effect on the respiratory volume) was used for assessment, as 
well as the quantal response of death or survival. Pentamethonium was studied 
for its adjuvant action as an antagonist in these species. Varying with the 
species, a wide difference is shown to exist in the protection afforded by atropine 
sulphate against intravenous sarin. Thus prior atropinization was found to 
increase resistance in the monkey one thousand times, in the dog about one 
hundred and fifty times, in the cat about ten times, in the rabbit about three 
times, and in the mouse less than twice. A parallel, but less extreme, species 
difference was found to exist in the protection afforded by atropine against 
intravenous paraoxon. 

\ synergistic effect was obtained when pentamethonium bromide was given 
along with atropine, part at least of which is attributable to improved conduction 
at the neuromuscular junction. Its value as a synergist was greatest in those 
species where the antagonistic potency of atropine was least. To obtain the 
maximum benefit from the combination of atropine sulphate and pentamethonium 
bromide in mice it was necessary to give them aftercare in the form of warmth and 
oxygen. 

Three oximes, and one hydroxamic acid, were tested in mice in combination 
with the therapy described. None of the four conferred any added benefit, 
nor did they allow aftercare to be dispensed with. 

Prior administration of pentobarbital intravenously was not found to lessen 
the toxicity of sarin to mice. 


Introduction 


In poisoning with organophosphorus cholinesterase inhibitors such as 
isopropyl methyl phosphono fluoridate (sarin) or diethyl p-nitrophenyl phos- 
phate (paraoxon), the complex of factors threatening life is so large that 
it is unlikely that any single drug will be found to reverse them all. In 
atropine a drug exists which both counters central inhibition of respiration 
and relaxes the bronchi, but it leaves untouched blockade of motor paths and 
does little to combat cardiovascular depression, either of which may prove 
fatal despite effective antagonism elsewhere. Its anticonvulsant action is 
also incomplete. 

Several drugs, claimed to surpass atropine in antagonistic power, have been 
studied (14, 17), and others have been shown to possess antagonistic actions 
complementary to it. The claim of none has been pressed, however, and, as 
yet, atropine remains unchallenged, unsupported by any universally accepted 

1Manuscript received in original form January 7, 1957, and, as revised, July 8, 1957. 
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ancilliary drug therapy. Pentamethonium (pentamethylene bistrimethyl 
ammonium) bromide falls into the ancilliary category; it is a drug known to 
compete with acetylcholine at certain nervous sites (20) and to reverse the 
paralyzing effect of tetraethyl pyrophosphate in the cat (5). In addition, 
deCandole and McPhail (4) recently demonstrated its value as an adjuvant 
to atropine in the treatment of paraoxon poisoning in mice. In the 
experiments to be reported it was found that not all species respond satis- 
factorily to pentamethonium, but its efficacy was greatest in those in which 
atropine alone was least effective. 


Methods 


The mice used in these experiments came from a colony that has been 
maintained here for several years. Only animals weighing 26 + 1 g. or 28 
+ 1 g. in weight were used. The mice were not anaesthetized, and the 
injections, with one or two exceptions, were made into a tail vein, the animal 
being restrained in a suitable holder. 

Monkeys (Macaca mulatta), dogs, cats, and rabbits were anaesthetized. 
The first three species were generally anaesthetized with a mixture of 
chloralose (1%) and urethane (10%) and the last with 25% urethane, although 
in a few experiments nembutal (30-40 mg./kg.) was used. 

The respiratory volume was measured with a spirometer and also recorded 
with the float recorder described by Paton (19). The blood pressure was 
recorded with a mercury manometer. All drugs were injected intravenously. 
In some experiments the phrenic nerve was stimulated electrically by square 
waves at 20 cycles per second. The contractions of the diaphragm were 
recorded with a phrenograph (3). 

The dose of atropine given was 10 mg./kg. for mice and rabbits and 4-5 
mg./kg. for the other species. Doses in excess of these were not found to 
confer any added benefit and in some experiments appeared detrimental. 

In the mouse experiments, the sarin was given diluted with 0.8% sodium 
chloride saturated with carbon dioxide, the pH of the solution being 3.3. 
Bioassay of the potency of the sarin from which the dilutions were made was 
done each day. The antagonists were dissolved in distilled water, mixed 
with agonist, and given as a single injection. Before any conclusions could 
be drawn it was necessary to exclude the possibility that im vitro reactions 
take place affecting either the toxicity of the agonist or the therapeutic 
potency of the antagonist. Evidence that no such in vitro reactions take 
place is given in the text. Evidence is also presented that the antagonistic 
effect of the drugs used is the same whether they are injected prior to sarin or 
together with it. The rapid onset of convulsions makes it impractical to 
inject mice intravenously once sarin has been given. 

Mortality figures were recorded 48 hours after injection and the LDs5o values 
calculated by the probit method as described by Finney (7). 
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Results 


A. Mouse EXPERIMENTS 
1. Toxicity of Sarin to Mice 
(a) Preliminary Experiments 

Before embarking on the main program it was found necessary to devise 
a standard technique for giving intravenous injections to mice, since 
preliminary experiments showed that the sex of the mouse, and the speed with 
which the material was injected, significantly affected the toxicity of sarin. 
A technique was accordingly adopted whereby the volume of injected fluid 
was fixed at 0.1 ml. and the time taken to inject it at 10 seconds, measured 
with a stop watch. The mice used were males. 

The injection of 0.1 ml. of fluid into a mouse is equivalent to 250 ml. for 
a 70 kilogram man. No embarrassment, however, could be detected in mice 
given 0.1 ml. of saline. 

The importance of standardizing the rate of injection was made clear by 
experiments undertaken to determine whether intravenous toxicity of sarin 
is related to the speed at which it is injected. It was found this is indeed the 
case—the more rapidly a dose is injected the greater is its toxic effect. For 
an injection taking 1 second the LDs5o was found to be 0.100 mg./kg. and for 
injections that took 10 and 20 seconds the LDs5o values were 0.141 mg./kg. 
and 0.164 mg./kg. respectively. A probable reason for the lessened toxicity 
of sarin when it is injected slowly is that dilution and consequent detoxification 
are facilitated. 





It was found, too, that female mice were significantly less susceptible than 
males to sarin given intravenously, a finding which confirms previous observa- 
tions made with inhaled sarin (15). In an experiment made on 60 male and 
60 female mice of the same age and weight, the LDs59 value was 0.142 mg./kg. 
(95% limits of 0.137—0.148) for males and 0.154 mg./kg. (95% limits of 0.139- 
0.171) for females. The experiment was repeated a week later and the LD5o 
value for males and females was now 0.133 mg./kg. and 0.158 mg./kg. 
respectively. This difference in sex response is consistently found and highly 
significant statistically. The regression line is flatter for females than for 
males, indicating a greater spread of tolerance. <A sex difference in response 
to anticholinesterases has previously been reported in rats and mice (6), a 
difference which may be related to the different cholinesterase level of the 
male and female rodent (22). In later experiments it was found that 
castration increased the LDs9 for male mice by a factor of nearly two. 
Ovariectomy also increased the LDs5o for female mice, but to a somewhat lesser 
degree than castration of the male, so that the susceptibility of the 
gonadectomized animal of either sex was approximately the same. 

In view of the known instability of solutions of sarin, assessment was made 
of the length of time for which a solution in carbon dioxide saturated isotonic 
saline may be regarded as retaining its potency when kept at room 
temperature. <A suitable dilution was made and a fixed dose (approximately 
LD;;) injected at intervals in a mouse or a group of mice. It was found that 
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the solution had not altered demonstrably in 100 minutes after preparation 
in such control experiments, and since, in actual tests, the injection of a 
group of mice never took more than 30 minutes, the possibility of deterioration 
could be excluded. Reassessment of toxicity of the undiluted material at 
the end of a day’s work was carried out from time to time with satisfactory 
results. 


(b) Intravenous Toxicity for Male Mice 

A standardized technique having been devised on the basis of the above 
experiments, assessment of the intravenous LDs5» of sarin for male mice was 
carried out on four different occasions over a period of 1 year; 240 animals were 
used. The mean value obtained was 0.139 mg./kg. (extremes 0.133 and 
0.142).* When a lethal amount was given, the mice were seized, as the 
injection ended, with violent convulsions. They careered wildly round with 
arched backs for a short while and ceased breathing within 1 or 2 minutes. 
Only a small minority of those dying survived longer. 


2. Antagonistic Potency of Atropine Sulphate 

The effect of atropine sulphate, in doses ranging from 1 to 60 mg./kg., on 
the toxicity of sarin was studied. Doses in excess of 60 mg./kg. proved to 
be toxic, 60% of the mice dying when 90 mg./kg. of atropine was injected 
intravenously, mixed with a dose of sarin as low as 0.06 mg./kg. Much the 
same antagonistic action was exerted by doses of atropine ranging from 1 
to 60 mg./kg. The protection afforded the mouse by atropine was slight, 
since the LDs5»9 was raised to an average value of only 11% above that in the 
unprotected animals. 

For the purpose of assessing the antagonistic action of other drugs in 
combination with it, the dose of atropine chosen was 10 mg./kg., an amount 
which falls roughly in the middle of the optimum range. This was the dose 
of atropine selected in earlier experiments for use in conjunction with 
pentamethonium bromide in treating paraoxon poisoning in mice (4). 


3. Antagonistic Potency of Pentamethonium Bromide 

Pentamethonium bromide by itself in a dose of 30 mg./kg. was found to 
have a moderate antagonistic effect, the LDs5»9 of sarin being raised by 30% 
(from 0.142 to 0.186 mg./kg.). Its antagonistic potency in mice is therefore 
somewhat greater than that of atropine. 


4. Antagonistic Potency of a Combination of Atropine Sulphate, Pentamethonium 
Bromide, and ‘Nursing Care’ 

Substantial reinforcement of the antagonistic power of either drug singly 
was apparent when atropine and pentamethonium were used together. The 
most effective dosage of the combination found was 30 mg./kg. of penta- 
methonium bromide and 10 mg./kg. of atropine sulphate. Reducing the dose 
of pentamethonium bromide to 10 mg./kg. or that of atropine sulphate to 


*Details of all the toxicity data referred to in this paper, such as the number of animals 
injected, the 95% fiducial limits, the slopes of the regression curves, etc., may be obtained 
by writing to the authors. 
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1 mg./kg. was found to weaken the antagonism exerted by the combined 
drugs to roughly that of either alone. The success of the combination, 
however, posed a new problem in the shape of a continuing mortality during 
the ensuing week among those mice, which, by virtue of the atropine—penta- 
methonium mixture, had survived the early lethal action of comparatively 
high doses of sarin. 

It is characteristic of intravenous sarin poisoning in general that death, 
if it takes place at all, does so in a matter of minutes. This was very apparent 
when sarin was given alone in the present experiments, and equally so when 
its toxic action was antagonized by a single drug; whether atropine or 
pentamethonium was given, 90% or more of the deaths in all three groups 
occurred within the first 30 minutes. When, however, the two antagonists 
were used together there was an over-all lengthening of survival time (the 
percentage of the total mortality occurring within the first 30 minutes falling 
from over 90 to 38); but deaths in considerable numbers continued to take 
place for some days after exposure. 

Prolongation of the time to death encouraged a search for ways of 
improving treatment. Mice surviving relatively large doses of sarin by virtue 
of combined pentamethonium—atropine therapy were reduced to a condition 
of extreme prostration, lying, after the initial convulsive stage was passed, 
flattened and quivering on the floor of the cage, with heaving flanks and staring 
coats, their eyes encrusted with secretion, and unable to lift their heads or 
take food or drink. It was noticeable that, instead of huddling together, as 
is their normal habit, they tended to lie apart from one another. Survivors 
might lose a quarter or more of their body weight by the third day. Those 
that died after some days prostration were found, post-mortem, to have 
punctate areas of haemorrhage and collapse of the lungs. The only other 
pathological finding was dilatation of the stomach, attributable to paralytic 
ileus resulting from pentamethonium (9, 13). 

The first attempted improvements in treatment took the form of giving 
additional drugs. In one experiment, ephedrine (2 mg./kg.) was given 
intravenously along with the mixture of agonist and antagonists, and in 
another, 10 mg./kg. of Cortisone acetate (Merck) was given intramuscularly 
an hour later. In neither case were the results encouraging enough for 
experiments along these lines to be pursued. Instead, the mice, as soon as 
they were injected, were placed in specially made cages into which a slow 
stream of oxygen was passed for the next 24 hours or so, a measure prompted 
by their evident dyspnoea. The result was to lessen the severity and duration 
of the prostration and, as a result, the number of delayed deaths fell. 

In addition, since the mice appeared to suffer from cold, the temperature 
in the oxygen cage was raised from about 70° to 80°F. As a result of this 
the percentage of mice dying from 30 minutes to 48 hours after exposure 
fell from 56.6 to 16.7 and the LDso of sarin rose to 0.93 mg./kg. 

More precise evaluation of the contribution made by oxygen was 
considered necessary, and accordingly an experiment was done to determine 
what effect (if any) on survival there would be if oxygen were supplied to 
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atropinized mice injected with sarin, that is, no pentamethonium would be 
given. It was found that supplying oxygen raised the LDso from 0.193 
mg./kg.* to 0.222 mg./kg. Its contribution was therefore small and not com- 
parable with that of pentamethonium. 

Thus, by means of a combination of atropine and pentamethonium, together 
with aftercare as described above, the LDs5 of sarin was raised from 0.142 
to 0.93 mg./kg., that is, its toxicity was reduced to less than one-sixth. Table I 
lists the LD values for sarin when given (a) to unprotected mice and (0) 
when mixed with a single antagonist, atropine or pentamethonium, and (c) 
when combined therapy and aftercare were given. It will be seen that 
in the case of the last, not only is the LDs59 considerably higher, but the spread 
of individual susceptibility is much greater, as reflected by the slope of the 
regression line. 











TABLE I 
Number LD5o, 95% 

Treatment of mice mg./kg. limits Slope 
Unantagonized sarin 80 0.142 .135 - .149 14.77 + 2.70 
Antagonized with 

atropine (10 mg./kg.) 60 0.158 425 = .297 12.25 = 2.65 
Antagonized with 

pentamethonium (30 mg./kg.) 70 0.186 .173 - .209 13.04 + 3.61 
Antagonized with both atropine 

(10 mg./kg.) and pentamethonium 

(30 mg./kg.) plus aftercare 180 0.93 >; ie ee 1.83 + 0.34 





5. Trials with Oximes and Esters of Hydroxamic Acid 

In view of the proved value of substances of this class in promoting 
reactivation of cholinesterase (23), trials were made of betaine hydroxamic 
acid and of three active oximes, diisonitrosoacetone (DINA), monoisonitroso- 
acetone (MINA), and triisonitrosopropane (TINP) to determine whether 
the toxicity of sarin could be lowered still further by administering them in 
conjunction with the combined therapy described in the preceding paragraph. 

Betaine hydroxamic acid was tested on 20 mice. Of these, 10 were given 
a subcutaneous injection of 1 g./kg. of the drug prophylactically, and 10-15 
minutes later 0.54 mg./kg. of sarin was given to all 20, plus the combination 
of antagonists. All received the usual aftercare. Nine-tenths of the mice 
receiving betaine hydroxamic acid died as did 7/10 of those which did not 
receive it. 

Diisonitrosoacetone was tested on four separate occasions, the experiments 
involving a total of 610 mice. In the testing of this compound each group 
of mice was divided into three, the design being to determine (a) whether 
prior treatment with it would affect the mortality rate when the combined 
therapy and aftercare described above were given as well, and (b) whether, 
by its use, aftercare could be dispensed with. Thus 10 out of 15 mice received 


*This figure, though higher than that given in Table I for atropinized mice, is not signifi- 
cantly higher. 
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a prophylactic injection of 25 mg./kg. DINA subcutaneously. Fifteen to 
twenty minutes later sarin plus the dual antagonists was given, and after care 
(oxygen administration and glucose injections) was given to 5 of the 10 and 
withheld from five. The remaining five received no DINA but had both the 
dual antagonists and aftercare. It emerged clearly in all experiments that 
prior administration of DINA was no substitute for aftercare, nor, when 
aftercare was given, was the mortality among mice so treated lower in any 
experiment than among the untreated. 

A single experiment involving 100 mice was done with monoisonitrosoace- 
tone, one half being given a subcutaneous injection of 30 mg./kg. 30 minutes 
beforehand and all the mice treated alike from then on. This compound, so 
far from aiding survival, actually increased the mortality rate. 

Triisonitrosopropane was tested in the same way as MINA, but with the 
difference that the dose of TINP was larger (100 mg./kg.). No lowering 
of the mortality rate resulted from its use. 


6. Effect of Premedication with Pentobarbital on Toxicity of Sarin 

The depth of anaesthesia produced by differing amounts of pentobarbital 
was first determined. An intravenous dose of 40 mg./kg. produced immediate 
and profound anaesthesia, while one of 20 mg./kg. produced light anaesthesia 
which took 10-15 minutes to develop. No fatalities occurred in six mice 
injected at each dose. 

Experiments were then done in which the intravenous LDso of sarin was 
determined after each of three intravenous doses of pentobarbital, viz. 10, 
20, and 40 mg./kg. The first two doses had no significant effect on the LDso 
of sarin; the third dose (40 mg./kg.) increased its toxicity so that the mean 
I.Dso fell from 0.140 mg./kg. to 0.09 mg./kg. 


B. OTHER SPECIES (MONKEYs, Docs, CATs, RABBITS) 


The experiments made with members of larger animal species were of a 
somewhat different kind from the foregoing. Differences were that the animals 
were under anaesthesia, that the numbers used were relatively few, and that, 
for assessment of toxic or pharmacological actions, reliance was placed on 
observation of respiratory volume and blood pressure as well as on death or 
survival. The rigorous controls enforced for mice were not applied nor was 
a criterion of 48 hours survival extended to the other species. In these, an 
animal was regarded as surviving if, at the end of the day, it was sacrificed 
in apparently good condition. 


1. Antagonistic Power of Atropine Sulphate in Different Species 

The data of Table II give a measure of the ease with which atropine 
protection can be surmounted in different species. The mouse data included 
in it appear also in Table I or have been previously published (3). The 
table shows comparative figures for the intravenous toxicity of sarin and 
paraoxon in (a) atropinized and (6) unatropinized members of five species. 
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In the mouse, and, in one instance each, in the monkey and rabbit, sufficient 
experiments were done to justify calculation of the LDs. In the remainder 
the number of experiments was insufficient for this, and instead, an assessment 
of lethality was made, the LD5 being concluded to lie not below the figure 
quoted for the atropinized and not above that quoted for the unatropinized 
animal. 

The ratio of the toxicity of agonist alone (Ao) to that of the agonist plus 
antagonist (A) (8) can be seen to vary greatly; in the case of sarin from 1000 
in the monkey to 1.1 in the mouse, and in that of paraoxon from 50 in the 
monkey to 2.1 in the mouse. 


TABLE II 


COMPARATIVE PROTECTIVE POWER OF ATROPINE 




















Sarin Paraoxon 
LY. I.V. 
lethality, A/Ao lethality, A/Ao 
mg./kg. mg./kg. 
Monkey A 12.0 1000 A 20.0 50 
Ay 0.012* Ay 0.4 
Dog A 3.0 150 A 5.0 10 
Ay 0.02 Ay 0.5 
Cat A 0.3 10 A 3.25 2.3 
Ay 0.03 Ay 0.5 
Rabbit A 0.06 3 A @.7%5 3 
Ay 0.0195* Ay 0.25 
Mouse A 0.158* : A it 2.3 
Ay 0.142* Ay 0.48* 





Note: A = atropinized. Ao= unatropinized. LDso values, 
where calculated, are marked with an asterisk. 
2. Antagonistic Action of Pentamethonium Bromide as an Adjuvant to Atropine 

When pentamethonium was given to animals which were already 
atropinized, but in which, notwithstanding atropinization, respiration was 
depressed by sarin or paraoxon, it was found to increase pulmonary ventilation 
in all four species. A fall in blood pressure resulted as well, and the increase 
in respiratory volume took place in two phases. First a sharp brief rise sug- 
gesting a baroceptor reflex, and, when this had somewhat subsided, a second 
sustained rise set in, possibly owing to competitive antagonism with 
acetylcholine (20) (see Fig. 1). 

That pentamethonium-induced increase in pulmonary ventilation in the 
cat and rabbit is lasting can be shown by recording the respiratory volume. 
Fig. 2 shows records of this kind, extending over 30 minutes, in which the 
changes in minute volume (M.V.) are plotted as a percentage of the 
preinjection M.V. 

In control experiments, in which a further injection of atropine was given 
instead of pentamethonium, the respiratory volume continued falling. It 
may therefore be concluded that the beneficial effect of pentamethonium is 
not due to an atropine-like action. 
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Fic. 1. Effect of sarin and pentamethonium on respiration and circulation in the 
atropinized rabbit (urethane anaesthesia). M.V.: respiratory minute volume in ml.; 
B.P.: blood pressure in mm. of mercury; atropine sulphate (10 mg./kg.) injected I.V. 

2 minutes previously. SAR: 45 ywg./kg. sarin I.V.; C5: 10 mg./kg. pentamethonium 

bromide IL.V. 

Given prophylactically, pentamethonium was found to enhance the 
protective power of atropine in cats and rabbits, respiratory depression being 
less than when only atropine was given and taking longer to develop. 
Furthermore, when prophylaxis included pentamethonium, there were no 
muscular fasciculations. 

In the dog and monkey, while the initial response to pentamethonium was 
the same as in the other two species, the resulting respiratory stimulation was 
brief, and no permanent benefit was obtained. It was noteworthy, however, 
that, whereas in the cat or rabbit the blood pressure, depressed by 
pentamethonium, soon rose again, this was not the case where the dog or 
monkey was concerned. The great severity of vasodepression observed 
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in the dog and monkey may arise from the fact that very large doses of sarin 
or paraoxon had to be given to members of these species in order to surmount 
atropine protection and induce the respiratory depression which pentame- 
thonium was intended to antagonize. In the cat or rabbit relatively small 
doses sufficed to do this (see Table II). 


RABBITS CATS 
+40 


+20 


PERCENT CHANGE IN M.V. 
b 
° 





\e) 2 4 6 8 0 20300 2 4 6 8 10 20 30 
T:'ME IN MINUTES TIME IN MINUTES 


Fic. 2. Effect of pentamethonium on the respiratory minute volume (M.V.) of 
atropinized cats and rabbits. 

RapsBits: Atropine sulphate (10 mg./kg.) plus paraoxon (1.0 mg./kg.) injected I.V. 
at zero time. Dotted lines: no further treatment. Continuous lines: pentamethonium 
bromide (10 mg./kg.) injected I.V. at arrow marks. 

Cats: Atropine sulphate (2 mg./kg.) plus sarin (0.3 mg./kg.) injected I.V. at zero 
time. Dotted lines: no further treatment. Continuous lines: pentamethonium bromide 
(10 mg./kg.) injected I.V. at arrow marks. 

Another way in which pentamethonium has been found to be beneficial 
is by reducing the length of time artificial ventilation must be given before 
effective breathing returns after its arrest by sarin. Data on this point were 
obtained from 10 experiments in which 6 mg./kg. of sarin was given I.V. 
to atropinized cats. As breathing failed they were placed on artificial ventila- 
tion, and pentamethonium in 10 mg./kg. doses I.V. (repeated in certain cases) 
was given to five and withheld in five. It was found that the average time 
taken for adequate breathing to return for the five controls was 55.8 minutes, 
while for the five given pentamethonium the average time was 20.4 minutes, 
that is, less than half of the control value. 


3. Effect of Pentamethonium on Neuromuscular Blockade 

Pentamethonium was shown to antagonize the neuromuscular block which 
sarin causes, and the increase in pulmonary ventilation which takes place may 
be ascribed, in part at least, to this. 

The upper root of the phrenic nerve on both sides was divided and looped 
over silver electrodes. The lower roots were not disturbed. Both pleural 
spaces were laid open and the animal ventilated with a Starling ‘Ideal’ pump. 
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The abdomen was opened and the phrenograph inserted in contact with the 
under surface of the diaphragm after division of the hepatic ligament. The 
left phrenic nerve was stimulated electrically with a half-second burst of 
supramaximal impulses at 20 c.p.s. every 2 seconds, and the response of the 
diaphragm recorded. Fig. 3 shows that the ability of the diaphragm to 
maintain a tetanus, lost as a result of an injection of sarin, was restored by 
pentamethonium but not by atropine. 





Fic. 3. Phrenic nerve of monkey stimulated for 0.5 seconds every 2 seconds at 20 
c.p.s. and the response of the diaphragm recorded by means of a phrenograph (3). At 
signal A, sarin (0.15 mg./kg. I.V.); at signal B, pentamethonium bromide (10.0 mg./kg. 
I.V.), 2 minutes elapsed between the two sections of tracing, during which atropine 
sulphate (5 mg./kg.) was given without affecting the response. 


4. Cardiovascular Depressant Effect of Pentamethonium 

Pentamethonium, as is well known, is powerfully vasodepressant, but it 
was found that, once the depressant effect of an initial injection had passed 
off, a second or subsequent injection did not depress the blood pressure again. 
A previous injection of ephedrine (1 to 2 mg./kg. I.V.) was found to prevent 
(or at least postpone) the fall in blood pressure. 


Discussion 


The wide species difference in the protection afforded by atropine in these 
experiments is disquieting, since, until it is known how human subjects 
respond, it is impossible to apply the results of animal experiments with these 
drugs with any certainty to man. A further cause for misgiving is the broad 
gap existing between the dosage of atropine repeatedly shown to be necessary 
to save the lives of animals and that recommended in poisoning in man. 
Unless the response of man to these drugs is unlike that of any of the species 
of laboratory animal studied the conclusion is inescapable that human lives 
have been lost because insufficient atropine was given. In this connection 
a recent account of the successful treatment of a patient with comparatively 
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large doses of atropine is of interest (10), although, even in this case, the 
amount given was small compared with that deemed necessary, and 
habitually given, in animal experiments. 

The relative ease or difficulty with which atropine protection can be 
surmounted in the species studied here corresponds closely with the difference 
known to exist between them in the relative importance of the several factors 
concerned in respiratory failure (2, 5). At one end of the scale the monkey 
derives enormous protection, and in this species failure of respiration is due 
almost entirely to central inhibition. The rabbit, at the other end of the 
scale, derives little protection from atropine, and in this species peripheral 
factors are considered to preponderate in the causation of respiratory failure. 

Combining atropine with pentamethonium bromide enhanced the an- 
tagonistic action of either drug alone against sarin in most, but not all, of the 
species studied. The same has been found to be true of paraoxon in rabbits 
and mice (4), while others have reported a similar enhancement from 
combinations of atropine with other drugs against other cholinesterase 
inhibitors (1, 18). 

Whether or not pentamethonium has any value in man is conjectural, 
and there seems no way of finding out other than by experience of human 
cases. It is evident, however, that unless its vasodepressant action can be 
effectually countered, this may offset its beneficial effect on respiratory 
function. Anoxia is known to enhance the vasodepressant action of penta- 
methonium (21) and this makes it unsuitable for first-aid treatment of 
advanced poisoning. On the other hand it may be of value in hastening the 
return of natural breathing of patients given artificial ventilation. Although 
it is generally assumed that man resembles the monkey more closely than 
other species in his response to drugs, exceptions exist, and it is desirable 
to prove each individual case. If, indeed, man does resemble the monkey, 
atropine, given in sufficient dose, will deprive anticholinesterases of most of 
their danger. If, however, this is not the case, and the protection afforded 
to man by atropine is on a par with (say) that afforded to the cat, then there 
is the greater need for drugs possessing adjuvant actions. 

The failure of any of the oximes tried, or of betaine hydroxamic acid, in the 
conditions of these experiments, was unexpected. Members of the group 
have been found effective in reducing the toxicity of paraoxon in the mouse 
(12) and also in reversing neuromuscular block due to intravenous sarin in 
the tibialis anterior of the cat (11). A possible explanation may be that 
substances of this class and pentamethonium exert their protective action 
in a parallel manner, so that, once a maximal antagonistic action from 
pentamethonium has been secured, no superadded antagonism can be expected. 
In fact, the use of oximes in addition to a pentamethonium—atropine mixture 
seemed to be detrimental, a finding attributable, it may be, to toxic actions 
elsewhere. 

Reports differ as to the effect of preliminary sedation or narcosis with 
pentobarbital on the toxicity of sarin. Its respiratory depressant action and 
its synergistic action in producing neuromuscular blockade would appear to 
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contraindicate its use. Nonetheless it has been suggested as a possible treat- 
ment in nerve gas poisoning in man (24) and has been found to lessen the vapor 
hazard of sarin in rats (16). It is possible that in the absence of atropine, 
pentobarbital fails to protect or is even detrimental, but that, if given in 
association with atropine, it would enhance atropine protection. 
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THE STANDARDIZATION OF STRESS IN THE PRODUCTION 
OF HEMORRHAGIC SHOCK 


THE RELATION OF THE DURATION OF STRAIN AND THE RESISTANCE 
OF THE ANIMAL TO THE ONSET OF IRREVERSIBLE SHOCK! 


A. M. LANsINnG? AND J. A. F. STEVENSON 


Abstract 


When hemorrhagic shock is produced by bleeding from an artery into a 
reservoir at a height fixed to provide a constant level of hypotension, compen- 
satory vasoconstriction eventually fails and the blood in the reservoir spon- 
taneously reinfuses into the animal. The value of the onset of this spontaneous 
reinfusion as a criterion for the production of a standardized and irreversible 
hemorrhagic shock has been investigated in the rat. The animal was bled into 
the reservoir until the arterial pressure fell to 30 mm. Hg, which was maintained 
until a reduction of the volume of blood in the reservoir at three successive 
2-minute intervals signified that spontaneous reinfusion had just begun. 
Reinfusion of the remainder of the blood was quickly completed by raising the 
reservoir. The animal was observed for 48 hours. 

A good correlation between the volume of blood forced into the reservoir 
early in hypotension and the duration of hypotension until the occurrence of 
spontaneous reinfusion was observed. With a regression equation of time 
(expressed as percentage of the total hypotensive period) against the volume 
of blood in the reservoir at various times it was possible to predict from early 
bleeding volumes, with fair accuracy, the duration of hypotension necessary to 
produce spontaneous reinfusion. In general, animals forcibly reinfused before 
this predicted spontaneous reinfusion survived while those exposed to the total 
duration died. Spontaneous reinfusion under these conditions appears to be 
closely associated in time with the onset of irreversible shock. The prediction 
from early bleeding volumes of duration to spontaneous reinfusion should 

rmit the determination of the effect of various treatments on the resistance to 

emorrhagic hypotension without the necessity for sacrifice of the animal. 


Introduction 


Ever since investigators first became interested in hemorrhagic shock, a 
major problem has been the development of a method for the production 
of a consistent degree of shock. At present experimental hemorrhagic 
shock is usually produced by one of two methods: (1) removal of a percentage 
of the calculated blood volume, or (2) continued hemorrhage from an artery 
into a reservoir, which is set at a suitable height to maintain a constant 
hypotensive arterial pressure, for an arbitrary period. Despite the stand- 
ardization of the stress (degree of hemorrhage or hypotension) that has been 
achieved by these methods, there remains a great variation in the degree of 
shock produced in individual animals owing to individual differences in 
resistance. In the second method, therefore, some investigators (1, 2, 7, 8) 
have adopted the first sign that the animal is spontaneously withdrawing 
blood from the reservoir as an index of the onset of irreversible hemorrhagic 
shock since then, in spite of immediate and forcible reinfusion of all the lost 
blood, most animals eventually die. This spontaneous reinfusion of blood 
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that until this point has been forced into the reservoir by increasing vasocon- 
striction apparently signifies the collapse of cardiovascular compensation 
and, probably, the production of a similar degree of strain in all animals. 
By allowing this individual adjustment of the duration of hemorrhagic hypo- 
tension individual variation in resistance is taken into account. 

In the course of studying the treatment of hemorrhagic shock in rats (3), 
we noted a relation between the bleeding volume (volume bled into the reser- 
voir during hypotension) at various times and the total time to the beginning 
of spontaneous reinfusion. The present investigation was undertaken to 
determine whether the beginning of spontaneous reinfusion does represent 
the onset of irreversible shock and, if so, whether the foregoing relation is 
consistent enough to permit the prediction of the total time to spontaneous 
reinfusion from a bleeding volume observed earlier in the hypotensive period. 
This would provide a measure of the relative strain induced in each animal 
even before the end point of automatic reinfusion is reached. 

Since to reach the end point of spontaneous reinfusion each animal requires 
a different duration of hypotension, no equation can adequately express the 
relation between bleeding volume and time to reinfusion. However, cor- 
relation of the bleeding volume with time expressed as a proportion (percent- 
age) of the total hypotensive period allows all animals to be compared on 
the same scale. A regression equation of Proportional Time against Bleeding 
Volume has been calculated for 73 experiments (803 observations) done at a 
hypotensive level of 30 mm. Hg. To determine if Duration (in minutes) to 
collapse could be predicted in the individual from an early bleeding volume, 
the log of the Net Bleeding Volume was taken as the independent variable, 
and the log of the Proportional Time (per cent of the total hypotensive period) 
as the dependent variable. The Net Bleeding Volume is the volume bled 
after the original hemorrhage (Initial Bleeding Volume) has brought the 
blood pressure to the desired hypotensive level. It was found empirically 
that this particular measurement gave a better correlation with Proportional 
Time than did Total Bleeding Volume; the use of logarithmic values of both 
indices was also chosen empirically. 

Method 

Male Sprague-Dawley rats weighing 325-375 g. and living at a constant 
environmental temperature of 19-21° C. were used. They were not deprived 
of food or water before the experiment. Anesthesia was produced by intra- 
peritoneal sodium pentobarbital, 40 mg./kg. After cannulation of the left 
common carotid artery and the superior vena cava (via the right external 
jugular vein) with polyethylene tubes, heparin (2.5 mg. in 1.0 ml. isotonic 
saline) was injected intravenously. The carotid cannula was connected to 
a Sanborn Electromanometer and the arterial blood pressure was recorded 
through a Sanborn Polyviso. The venous cannula was connected to an 
adjustable reservoir system to allow withdrawal or reinfusion of blood. 
Hemorrhagic hypotensive shock was produced by the method of Downie and 
Stevenson (1). Forty-five minutes after the administration of the anesthetic, 
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blood was withdrawn from the venous cannula into the reservoir so that the 
mean arterial pressure reached 30 mm. Hg (measured at heart level) in 10 
minutes; a second group of 15 rats was subjected to a hypotensive level of 
45 mm. Hg. The blood pressure was then maintained at this level by further 
withdrawal or reinfusion of blood until spontaneous reduction of the blood 
volume in the reservoir had occurred at three successive 2-minute intervals 
(spontaneous reinfusion). At this point a severe state of shock was considered 
to have been produced and all the blood remaining in the reservoir was 
reinfused within 15 minutes. 

The volume of blood in the reservoir was recorded every 2 minutes and the 
respiratory rate, carotid artery pressure, pulse rate, and rectal temperature 
(measured by a mercury thermometer) were recorded every 10 minutes 
throughout the procedure and for up to 4 hours after reinfusion. 

Food and water were provided 24 hours after reinfusion of the blood. An 
animal that lived 48 hours after reinfusion was considered a survivor, death 
after this period being attributed to infection rather than to cardiovascular 
collapse. 

The bleeding volume was calculated as ml./100 cm.? of body surface area. 
The tables of Lee (4) were used to determine surface area from body weight. 

The data were analyzed by standard statistical procedures (5, 6); Yates’ 
correction for continuity was applied to the Chi square test. 


Results and Discussion 
Table I records the mean values of the indices recorded in 118 animals; 
in general, the changes in heart rate, respiration, and rectal temperature 
were typical of those associated with this procedure (1, 3). It is possible 
that the differences in initial heart rate and initial blood pressure between 
the group taken to 30 and that to 45 mm. Hg were due to the younger age 
and smaller size of the latter. Only 20 of the animals done at 30 mm. Hg are 
included in the survival rate, the others having received treatment in the 
course of another experiment. Fig. 1 shows a semidiagrammatic comparison 
of the rate at which blood was forced into the reservoir by the vasoconstrictive 
response at the two levels of hypotension. 
A regression of proportional time against net bleeding volume was derived 
(Figs. 2, 3) for which the equation is: 
Y = 1.329 X + 0.497, 
where Y = log (time as per cent total hypotensive period), 


x =] ou - 10) 
am Ss \ 100 cm? SA. 


BV = total bleeding volume in ml., 

IBV = initial bleeding volume in ml., 
BV—IBV = net bleeding volume at particular time, 

S.A. = surface area. 


Standard error of estimate: Sy = +0.167. 
Standard error of slope: 5 = 1.329 + 0.010. 
Correlation coefficient: r = 0.98 (Vr = 1752, (P<«.001). 
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This correlation coefficient is obviously artificial. The initial values of 
zero time and zero net bleeding volume for each experiment could not be 
used to calculate the regression, the log of zero being minus infinity, so 70 


TABLE I 


HEMORRHAGIC SHOCK IN RATS 




















B.P.30 B.P.45 P 50% 75% 100% 
No. of animals 73 15 10 10 10 
Weight (g.) 346 + 2* 308 +7 <.001 33443 349+5 354+8 
Pulse rate (beats/min.) 
356+4 326+11 <.01 356+10 350+15 355+9 
Post-H 236+5 270+13 <.001 220+ 14 203 +14 199+7 
P-R 231+4 216+6 256+11 263 +11 250+17 
Post-R 257+4 300 +12 <.001 293+11 290+ 12 261417 
15 min. 330+15 310413 285+19 
Arterial pressure (mm. Hg) 
I 136+1 124+5 <.01 134+4 129+4 132+4 
Post-R 108+2 114+4 - 124+5 117+5 117+3 
15 min. —_ — = 132+4 126+4 120+2 
Respirations (resp. /min.) 
73+1 75+3 - 73+2 74+3 7442 
Post-H 74+1 80+4 — 86+5 86+4 84+3 
P-R 43+1 55+3 <.001 64+3 57+2 53+2 
Post-R 55+1 73+5 <.001 66+3 58+2 61+2 
15 min. _ — = 67+2 58+2 59+2 
Rectal temp. (° C.) 
I 34.4+0.07 33.7+0.62 - 35.5+0.15 35.64+0.19 35.0+0.22 
Post-H 33.5+0.09 — 34.9+0.19 35.2+0.20 34.4+0.26 
P-R 29.0+0.14 29.54+0.73 — 33.0+0.26 32.5+0.36 30.3+0.40 
+ yee a 28.9+0.14 29.9+0.72 <.05 32.9+0.26 32.5+0.27 30.5+0.27 
15 ~— — — 33.0+0.33 32.64+0.26 30.7+0.44 
Bleeding. x (ml. /100 cm.?) 
IBV 1.3+0.02 0.9+0.04 <.001 1.2+0.05 1.3+0.04 1.2+0.06 
10 BV 1.6+0.03 1.1+0.05 <.001 1.6+0.04 1.7+0.06 1.6+0.08 
20 BV 1.9+0.03 1.2+0.05 <.001 2.0+0.08 1.9+0.07 1.9+0.10 
MBV 2.5+0.04 2.9+0.08 <.001 2.2+0.05 2.4+0.07 2.7+0.10 
Time to reinfusion (min.) 83.8+4.3 147.64+7.5 <.001 41.1+2.2 64.7+4.1 97.0+8.1 
Survival rate (48 hours) 1:20f 1:15 _ 10:10 8:10 2:10 
ABBREVIATIONS Post-R = immediately postreinfusion. 
B.P. 30 = hypotensive level of 30 mm. Hg. 15 min. = 15 minutes after reinfusion. 
B.P. 45 = hypotensive level of 45 mm. Hg. V = Initial bleeding volume. 
P= 


significance of difference between values for 
B.P. 30 and 45. 

50%, 75%, 100% = hypotension of 30 mm. Hg. 
for 50, 75, and 100% of the total time to reach 
automatic ‘reinfusion. 

I = initial, before hemorrhage. 





10 BV = Bleeding volume after 10 
a ye 
BV = ‘Bleeding volume after 20 
M5. od 
MBV = Maximum bleeding volume. 
= Mean + S.E.M. 





minutes of 


minutes of 


Post-H = at the end of the initial hemorrhage. ; = Controls only. Other animals used for 
P-R = prereinfusion. experiments. 
= was | — 
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Ee Saeed o a - 3 N 
w --—, - 
z ° a -° ¥ ™ a 
Ft o 
ae alll 
> ‘ - 
° ¢ 

oO Pe n 
= Pg ve 
~4 1.0 }! af 
w ‘By 
af if 
Oo if 

| 

H| t , @ , ' ' , T © ’ Ff , © 
° 50 100 150 
TIME-min. 


Fic. 1. 


Comparison of mean bleeding volumes (in reservoir) at arterial pressure of 


30 mm. Hg (O—O—O) and of 45 mm. Hg (X—X—X) as hemorrhagic hypotension 


progresses to spontaneous reinfusion. 
by the arrow at the end of each curve. 
1 S.E.M. 


H=period of initial hemorrhage. | 





The onset of spontaneous reinfusion is indicated 
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pairs of values of 0.01% and 0.01 ml. respectively (log —2 and —2) were 
substituted. Actually, for all values of X = —2 there would be a distribution 
of experimentally-determined Y values. The correlation coefficient obtained 
from the measured values, exclusive of zero time and zero net bleeding volume, 
is 0.89 (Vr = 2626, P&.001). It is considered that this is the true experi- 
mental correlation coefficient, but that a more accurate estimate of the slope 
is obtained by the inclusion of the values X = —2 and Y = —2. 


When total bleeding volume rather than net bleeding volume is used to 
calculate the equation, the correlation coefficient is 0.82 (Vr = 1398, P< 
.001). Thus only about 65% of the variation in proportional time is accounted 
for by variation in total bleeding volume. The initial bleeding volume 
appeared to be increased if the animal became excited when subjected to 
anesthesia or if the anesthesia was not deep enough to prevent response to 
surgical stimuli. This accounts for some of the increased variation when 
total bleeding volume is used to calculate the regression. 


2.0 


LOG TIME 
(% total hypotensive period) 











OSF , . ~---STANDARD 
‘ ERROR 
/ 
4 i 
° 0 0.5 10 


LOG NET BLEEDING VOLUME 


( — ) 
100 cm® S.A, 
Fic. 2. The relationship between proportional time of hypotension (% total hypo- 


tensive period) and net bleeding volume (BV—IBV) in 73 rats subjected to a hypotensive 
level of 30 mm. Hg. The dotted lines represent one standard error of estimate. 
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LOG TIME 
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0.5 --—=- 99% CONFIDENCE 
LIMITS FOR SLOPE 
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LOG NET BLEEDING VOLUME 
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100 cm* S.A. 


Fic. 3. Confidence limits for the slope of the relationship between proportional 
time and net bleeding volume. The dotted lines represent 99% confidence limits for 
the slope. 





For the 15 animals subjected to a hypotensive level of 45 mm. Hg until 
spontaneous reinfusion, the regression equation of time upon net bleeding 
volume is: 

Y = 1.091 X + 0.653. 

Standard error of estimate: Sy = + 0.328. 

Standard error of slope: 6 = 1.091 + 0.268. 
Correlation coefficient: r = 0.97 (Vr = 2697, P<«.001). 

The greater standard error in this group is caused to a large extent by the 
greater difficulty in determination of the time of onset of spontaneous rein- 
fusion: very little change in bleeding volume may occur over prolonged periods. 
At still higher arterial pressures, of course, spontaneous reinfusion either may 
not occur at all or may be delayed for several hours. The correlation co- 
efficient obtained from the experimental data, exclusive of the added values 
of zero time and net bleeding volume, is 0.90 (Vr = 596, P<.001). Statis- 
tical comparison of the regression lines for 30 and 45 mm. Hg reveals that 
they are not identical. 
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To determine if the beginning of spontaneous reinfusion does indicate the 
onset of irreversible (i.e. fatal) shock, the blood in the reservoir was forcibly 
reinfused in 10 rats after 50% and, in another 10 rats after 75%, of the pre- 
dicted individual duration of time to spontaneous reinfusion at an arterial 
pressure of 30 mm. Hg had elapsed. The upper 95% confidence limit was 
used for this prediction to ensure that at least these proportions of the pre- 
dicted duration had elapsed. Table I shows the mean values of the indices 
recorded and the 48-hour survival rates of the three groups exposed to 50, 
75, and 100%, respectively, of the duration of hypotension to spontaneous 
reinfusion. The difference in the rate of survival (P<.001) between the 
first two groups and the third demonstrates that under these conditions the 
beginning of spontaneous reinfusion and the onset of irreversible shock are 
closely associated in time. 

In 10 rats the net bleeding volume during the first 20 minutes of hypo- 
tension was used to predict the time of occurrence of spontaneous reinfusion. 
The observed end point of seven animals lay within one standard error and 
of all 10 animals within two standard errors of estimate of the time of spon- 
taneous reinfusion predicted by the equation already developed for this 
strain of rat. 

These results illustrate the value of spontaneous reinfusion as a criterion 
for the production of a standardized degree of hemorrhagic shock. If the 
stress (level of hypotension) applied to all animals is kept constant, the 
effect of previous treatment on resistance to hemorrhagic hypotension can 
be determined, in part, from changes in the duration of time to spontaneous 
reinfusion. The use of spontaneous reinfusion as an end point in the pro- 
duction of hemorrhagic shock is particularly indicated when major surgical 
procedures must be carried out immediately beforehand. Whereas the 
effect of the extra stress is ignored when an arbitrary period of hypotension 
is used, the present criterion should adjust for it by a shorter time to spon- 
taneous reinfusion. 

Further, an appropriate equation relating net bleeding volume to time, 
determined for a particular colony, could be used to predict effects on duration 
to spontaneous reinfusion without the necessity for sacrifice of the animal. 
Similarly, if it is desired to begin experimental intervention before the onset 
of spontaneous reinfusion, the amount of strain that is produced could be 
equalized by adjusting the duration of hypotension or of a measured part of it. 


Conclusions 


Animals subject to the same duration of hypotension are not necessarily 
in comparable states of shock: the stress required to produce irreversible 
shock differs from animal to animal because of individual variation in resis- 
tance to hypovolemic hypotension. 

This investigation supports the use of spontaneous reinfusion as an end- 
point in the production of a standardized degree of hemorrhagic shock. 
The relation observed between early bleeding volume and time to spontaneous 
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reinfusion may allow an estimate of the amount of strain that has been pro- 
duced in an animal when it is desired to begin experimental intervention or 
treatment before shock irreversible to blood replacement, as signified by 
the onset of automatic reinfusion, has developed. It may also make possible, 
without sacrifice of the animal, an estimate of the effect of previous treatment 
on the animal’s resistance to hypovolemic hypotension. Finally, the resis- 
tance to hemorrhagic hypotension of various species and strains of animals 
may also be compared by this method. 
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INFLUENCE OF A DIETARY SUPPLEMENT OF ERUCIC ACID 
AND OTHER FATTY ACIDS ON FERTILITY IN THE RAT 


STERILITY CAUSED BY ERUCIC ACID! 


K. K. CARROLL AND R. L. NOBLE 


Abstract 


M: ile rats were raised on a diet of powdered Masters Meal with a supplement 
of 10% or more by weight of erucic acid. The animals suffered a progressive 
reduction in spermatogenesis and became completely sterile after about 5 months, 
despite their normal rate of growth and their apparently excellent state of health 
Subsequent experiments have suggested that similar effects can be produced, 
though less readily, in adult rats on the same diet. Recovery of spermatogenesis 
apparently can take place provided testicular degeneration has not advanced 
too far. The impairment of spermatogenesis appears to be a specific effect of the 
erucic acid in the diet. The estrous cycles of female rats on the diet usually 
remained undisturbed but there was some interference with parturition. Few 
of the offspring survived for long because of deficient mammary development 
and lactation in the mother. The same impairment occurred also when the 
animals were fed the diet with 15% by weight of oleic acid. “The defects resemble 
those which occur in animals when fed a diet deficient in essential fatty acids. 
The suggestion is offered, therefore, that erucic acid may interfere with repro- 
duction by interfering with the metabolism of the essential fatty acids. The 
administration of erucic acid in the diet may afford a new lead for the control 
of fertility. 


Introduction 


During the past few vears we have been interested in the nutritional 
influence of certain fatty acids on metabolism and function. There is evidence 
that some of the fatty acids may have a special metabolic function. We have 
endeavored to elucidate these functions by means of nutritional experiments 
with diets containing various proportions of individual fatty acids. Erucic 
acid, a Cy2.-monoethylenic fatty acid, and a prominent constituent of rapeseed 
and related seed oils, is known to cause a marked accumulation of cholesterol 
in the adrenal cortex of the rat (4), and to induce an increased excretion of 
cholesterol in the feces of rats maintained on a sterol-free diet (6). It has 
been suggested that nervonic acid, the C.2\-homologue, or related compounds 
present in the lipids of the brain and spinal cord may be beneficial in the 
treatment of demyelination in humans (18). 

In some of our early experiments it was observed that the cholesterol 
content of the ovaries was increased in the rats that had been fed rapeseed 
oil, but no obvious dysfunction of the ovaries had been noted (5). Although 
we could not be sure that the increase in the cholesterol content of the ovaries 
was attributable to the action of erucic acid in the rapeseed oil supplement, 
we decided to examine the effect of the continuous feeding of erucic acid, 
to successive generations of rats, on the fertility of the animals. This 
communication describes the results of feeding tests that have been in progress 
during the past 1} years. 

1 Manuscript received June 10, 1957. 


Contribution from the Collip Medical Research Laboratory, University of Western Ontario, 
London, Canada. 


Can. J. Biochem. Physiol. 35 (1957) 
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The animals used in the experiments to be described were of both sexes, 
mostly of the Sprague-Dawley strain, but included some Wistars. Except 
in the earliest experiments vaginal smears were taken daily from all female 
animals. A complete and detailed chart of the estrous cycles of each animal 
was obtained. The presence of a vaginal plug or sperm in the vaginal smear 
provided evidence that mating had occurred. Implantation was assumed to 
have occurred if the following signs appeared: cessation of the estrous cycle, 
appearance of blood in the vaginal smear after the 10th day, a rapid increase 
in body weight. If parturition did not occur and the body weight decreased, 
resorption of the fetus was assumed to have taken place. Careful observation 
was made of the number and state of health of the newborn, but in some cases 
the mothers destroyed the offspring at birth. 

The supplement of fatty acid or rapeseed oil was added in the proportion by 
weight indicated below, and thoroughly mixed with the stock powdered diet 
(Masters Meal), which is fed to the breeding colony of this laboratory. The 
erucic acid was obtained commercially (Archer—Daniels—-Midland Co., Midland, 
Michigan,) and was melted to facilitate its incorporation in the diet. In more 
recent experiments purified erucic acid prepared in our laboratory was used. 
The acid was purified by twice recrystallizing the commercial erucic acid from 
three volumes of methanol at 3°C. The purified material was a white 
solid, m.p. 32° C. with an iodine value (Hanus) of 71 and a neutralization 
equivalent of 333 (theoretical: I.V.—74.8, neutral equivalent 338.5). The 
oleic acid* was obtained from Nutritional Biochemicals, Cleveland, and the 
rapeseed oil was kindly provided by Dr. B. M. Craig of the Prairie Regional 
Laboratory of the National Research Council, Saskatoon. 

The animals were killed after varied periods on the diet. At autopsy, 
the testes, seminal vesicles, and prostate were removed, and fixed in formalin 
or Bouin’s solution before weighing. Other organs were weighed in the 
natural state. 


Results 


Young Male Rats Maintained on the Supplemental Diet after Weaning 

The data in Table I indicate the effect of the feeding of a diet containing 
erucic acid, oleic acid, or rapeseed oil for various periods of time. Of the 
rats that were fed the diet with erucic acid, three groups were the offspring 
of mothers which had also been fed the diet containing 15% by weight of 
erucic acid. Groups C and D represent the first and second generations 
respectively in one experiment, while group B represents the first generation 
in another experiment. In these cases the young were considered to have 
started to eat the diet at 3 weeks of age. The animals in groups A and E 
were from mothers that had been fed the standard control stock diet and were 
given the erucic acid supplement after they were weaned at 21 days of age. 

* Analysis of a sample of this oleic acid through the courtesy of Dr. O. S. Privett of the 


Hormel Institute, Austin, Minnesota, gave oleic 88.1%, linoleic 3.0%, linolenic 0.6%, saturated 
acids 7.4%, and preformed diene 0.8%. 
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In initial tests males and females on the diet were mated, but the males 
that had received the erucic acid supplement were later mated with females 
fed the stock diet (usually one male with two females). 


TABLE I 
INFLUENCE OF DIETARY SUPPLEMENT OF FATTY ACID ON FERTILITY IN 
THE GROWING MALE RAT 


Period on 
special diet 


’ Dietary before mating 
Group supplement (weeks) Procedure Results 

Normal Stock diet (without 1 M mated with 4 F)\ 10 litters, pregnancy occurring on 
controls fatty acid) 2M matedwith 6F estrous cycles after mating — 3 on 


ist, 3 on 2nd, 3 on 3rd, and 1 on 5th 


Mated with treated* females 


25° rapeseed oil 16 3 M mated with 3F 3 litters, pregnancy occurring on Ist 
cycle after mating 
15% oleic acid 16 iM * ” 4F 4 litters, pregnancy occurring in 
3 cases on Ist, and 1 on 2nd cycle 
\ 15% erucic acid 11-15 2M = “ 10F 7 litters 
\ 1iS% ™ o 20-28 4M = Or 0 litters, no matings 
B 15% = - 9-13 6M 5 F 1 litter, pregnancy occurring on Ist 
cycle after mating — 1 resorption, 
5 sterile matings with pseudo- 
pregnancy 
Cc 15% 9-13 4M ved ne 9} O litters 
ID 18% x se 10-16 2M re 52 3 F 0 litters 
E 10% recrystallized 16-20 5 M 5 F 2 litters, pregnancy occurring on Ist 
erucic acid cycle after mating — 3 sterile 
matings with pseudopregnancy 
E 10% = ° 20-24 4M 7 - 4F 0 litters,7 sterile matings with pseudo- 
pregnancy 
Mated with normal females 
\ 15% erucic acid 29-45 4M mated with 8 F 0 litters, no matings 
B 18% ” sad 17-21 6M ” = 0 litters, 1 sterile mating with pseudo- 
pregnancy 
S 15% m ” 17-25 4M - - 8F 0 litters, no matings 


* Female animals on the same diet and for the same duration as the males. 


It is evident that the fertility of the males was markedly affected after 
they had been maintained on the erucic-supplemented diet for a period of 
approximately 3 months. In many cases sterile mating occurred in animals 
that had subsisted for 3 to 5 months on the diet, but after 5 months mating 
rarely occurred. In contrast to the results with the diet with erucic acid, 
the feeding of the diet supplemented with 15% oleic acid or 25% of rapeseed 
oil has so far produced no impairment of the fertility of the male rats. 


Mature Male Rats Maintained on the Supplemented Diet 

The study on the effects of erucic acid supplemented diet on adult male 
rats has not yet been completed. The data so far suggest that the adult 
may be more refractory than the actively growing animal to the effects of 
such a diet. In the various fertility experiments, 10 adult males have been 
examined, after having been fed the diet for 2 to 3 months. Most of these 
animals showed no evidence of sterility. In one case, however, a male was 
housed with one pair of females for 2 weeks, and another pair for the following 
2 weeks. Although a total of 14 estrous cycles were detected during the 
month, the male did not mate. In another experiment, a male mated seven 
times during the first 6 weeks on the diet. During the subsequent 6 weeks, when 
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it was housed with three females which exhibited a total of 14 estrous cycles, 
it made no attempt to mate. A third male on the diet sired three litters 
within 2 months. At the end of the 4th month one of the testes was removed 
from the last-mentioned male. The gland weighed 1725 mg. and was found 
to be normal. During the interval between 44 and 6 months on the diet 
the male has made four sterile matings and the remaining testis has become 
small and soft on palpation. In an experiment started more recently 25 male 
animals on the diet with a 15% erucic acid supplement have shown little 
palpable change in the testes after 3 months. However, in two of five animals 
on a 30% erucic acid supplement the testes have become small and soft. 


Weight of Endocrine Organs 

Some observations have been made on the weights of various endocrine 
organs from male rats which had been maintained for different periods of time 
on the diet supplemented with erucic acid. In most cases unilateral castration 
was performed in order that the continued effects of the diet could be observed. 
The total weight of the testes was estimated as being double the weight of 
the testis removed. The weights are shown in Table II. 


TABLE II 


WEIGHT OF ORGANS FROM RATS ON DIET SUPPLEMENTED WITH ERUCIC ACID 


Period on diet Testes Seminal vesicles Prostate 
(weeks) (mg.) (mg. ) (mg. ) 


Rats started on diet when adult 


Control animal on stock 3335(1)* 740 940 
diet but used _ for 
breeding experiments 


3286(2) 877(2) 983(2) 
8 3350(2) 
12 3575(2) 927(2) 1414(2) 
16 3450(1) 


Rats started on diet when immature 


17 1882(6) 760-3648 - 
23-25 1245(7) 900-1774 1225(1) 1330(1) 
29-37 1296(5) 813-1646 512(3) 977(3) 





* Numeral in parenthesis indicates the number of animals. 


The weight of the testes was markedly affected in the growing animals 
that were fed the erucic acid supplemented diet, and the deleterious influence 
of the supplement became clearly evident after the animals had been 4 months 
on the diet. In contrast, the weight of the seminal vesicles and prostate 
appeared to be relatively normal. Little change has been noted in the 
weight of the testes of adult animals maintained on the supplemented diet, 
but so far the animals have been under observation for periods only up to 4 
months. 
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Morphological Changes in the Male Rats 

The most prominent histological evidence of change was observed in the 
spermatogenic cells of the testes. A gradually increasing degenerative change 
takes place after the animals have been approximately 3 months on the erucic 
supplemented diets. Although in most cases advanced degenerative changes 
have been observed, an irregular patchy type of degeneration occurred during 
earlier stages. Degeneration was evident only in some of the tubules, and in 
those the presence of giant cells was a prominent feature. Many of the 
tubules, however, appeared to be normal. All of the basal cells showed 
degenerative change, and in the advanced condition only Sertoli cells 
remained within the shrunken tubule. Fluid accumulation around the 
tubules was pronounced. Mature sperm were absent in the tubules and in 
the epididymis. The interstitial cells appeared to be little affected. The 
typical lesions are evident in the microphotographs shown in Figs. 1 and 2. 
In contradistinction to these changes in the tubules the condition of the 
testes of adult rats fed the supplemented diet for 4 months showed no 
difference from normal.* In the male animals which did not mate spermato- 
genesis appeared to be normal, and sections of the epididymis showed a 
large number of sperm, although possibly the number may have been fewer 
than in controls. The “normal” condition of the testis of an adult rat after 
1 month on the supplemented diet is indicated in Fig. 3. In some animals 
the thyroid gland was enlarged and weighed up to 25 mg. A weight of 
13 mg. is about the normal for rats of comparable body weight. The thyroid 
appeared brownish in color, and on section, showed a slightly increased colloid 
content but no evidence of hyperactivity. The parathyroid glands in some 
cases appeared more deeply stained than occurs with the normal tissue. 
The liver, kidneys, and pituitary were of normal appearance. 


Recovery of Spermatogenesis 

Only a few experiments have been completed to this date on the recovery 
from testicular impairment in immature animals maintained on the erucic 
acid supplemented ration. In some of the animals one testis was removed 
and the rats were then transferred to the stock (unsupplemented) diet. The 
data has been summarized in Table IIT. 

It may be noted that in only one group of rats was there any indication 
that recovery of the damage to the testes caused by the erucic acid supplement 
may take place. These animals had been on a 10% erucic acid supplement, 
and degeneration of the testes had not advanced to a marked degree before 
they were transferred to the stock diet. 


Young Female Rats Maintained on the Supplemented Diet after Weaning 

As in the experiments previously described, female animals on the erucic 
acid supplemented ration were mated with male animals also on the same 
supplemented diet. In most cases the same females were subsequently 
mated with normal males, and the fertility assessed. Since the females were 


* Results recently obtained, however, have shown that the typical picture of degeneration 
was present after 5 months on the supplemented diet. 
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allowed to survive after mating, it has not been possible to determine exactly 


what happened when litters were not born. 
of failure of pregnancy with resorptions, and of sterile matings. 


However, there has been evidence 


In some 


cases, when newborn animals died, normal pups were placed with the mother 


to see if she could rear them. 
became pregnant are presented in Table IV. 
groups of animals as referred to in Table I. 


The observations pertaining to the rats which 
This table refers to the same 
From the two tables the number 


of females which did not produce litters may be ascertained. 


TABLE III 


RECOVERY OF DEGENERATION OF THE TESTES AFTER REMOVAL OF ERUCIC ACID 


Period on diet 
with erucic acid 


No. of supplement 
rats (weeks) 
1 9} 
1 7} 
1 63 
3 53 
5° 5 


* Fed 10% erucic acid supplement. 


FROM THE DIET 


Period on 


stock 
Notes diet (weeks) 

Right testis removed = 700 mg. 8 
Sterile, testes very soft and 4 

smal! 
Testes very soft and small 16 
Right testis removed, averaged 8 

576 mg. (450-740) 
Right testis removed, averaged 8 


1053 mg. (650-1824) 


Notes 

Left testis 350 mg., no recovery 

No recovery apparent on histological 
examination 

Testes unchanged, no matings 

Palpation indicates no improvement in 
condition of testes 

Palpation indicates slight improvement 
in condition of testesf 


t In a comparable group of four rats not changed to stock diet the testes, over the same period of time, have 
continued to decrease in size. 


Dietary 


Group 


Normal Stock diet 
controls 


25% rapeseed oil 


15% oleic acid 
A 15% erucic acid 


B 15% ” 


E 10% recrystallized 


erucic acid 


A 15% erucic acid 


B 1 5 % “ “ 


B 15% “ 
Cc 15% “ “ 
> wm - 





* Male animals on the same 


supplement 


TABLE IV 


RESULTS OF THE FEEDING OF FATTY ACID SUPPLEMENT TO GROWING FEMALE RATS 


Period on 
diet before 


mating No. of No. of 
(weeks) rats litters 
10 10 


Mated with treated* males 


16 3 3 
16 4 4 
11-15 10 7 
9-13 5 1 
16-20 4 2 


Mated with normal males 


29-34 10 4 
17-21 5 0 
21-34 2 1 
19 5 5 
21 3 3 


diet and for the same duration as the females. 


Fate of young, etc. 
89 young, of which 3 died at birth; 
69 survived 3 weeks (26 young of 
7 litters averaged 37 g. body weight 
at 3 weeks) 


1 litter of 8 died at birth; 2 litters 
of 16 young all died within 6 days 

2 females died at parturition; 1 litter 
eaten at birth; 1 litter died within 
3 days 

32 of 51 young survived 3 weeks, average 
weight = 25 g. (12 of 51 young 
survived 4 weeks) 

1 litter of 6 eaten—1 resorption, 5 sterile 
matings with pseudopregnancy 

1 litter of 4 dead within 4 days; 1 litter 
of 8, of which 5 survived 3 weeks, 
average weight = 30 g. — 3 sterile 
matings with pseudopregnancy 


1 female resorbed; 15 sterile matings 
with 3 pseudopregnancies; 2 litters, 
10 died within 3 days, 2 normal pups 
died by 3 days; 1 litter eaten but 
2 normal pups reared — average 
weight 3 weeks = 20 g., 1 female died 
at parturition 

3 rats showed resorptions; 1 rat showed 
6 sterile matings wtih no pseudo- 
pregnancies 

Litter eaten at birth; 1 rat — 5 sterile 
matings with pseudopregnancies 

45 young of which 5 survived 3 weeks, 
average weight = 30 g. 

17 young eaten within 24 hours 
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Fic. 1. Moderately severe changes in testis after maintenance for 5 months on a diet 
supplement with 10% erucic acid. (Magnification X 100) 

Fic. 2. Severe changes in testis after maintenance for 5 months on a diet supplement 
with 10% erucic acid. (Magnification X 100) 


Carroll and Noble—Can. J. Biochem. Physiol. 








PLATE II 





Fic. 3. ‘‘Normal’”’ testis of adult rat maintained for 1 month on a diet supplement 
with 15% erucic acid. (Magnification X 100) Fic. 4. Lactating breast of normal rat. 
(Magnification X 100) Fic.5. Breast of rat which failed to lactate after erucic acid diet. 
(Magnification X 100) 


Carroll and Noble—Can. J. Biochem. Physiol. 
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The results obtained indicate that a high intake of certain free fatty acids 
in the diet of rats from the time of weaning markedly influences their fertility 
when they approach the adult stage. Although some females showed a reduced 
fertility, as indicated by the frequency of sterile matings, the majority of 
animals eventually became pregnant. Sterile matings in 16 cases were 
followed by pseudopregnancy. In 18 cases pseudopregnancy failed to occur, 
but the number of animals involved was small. In four cases fetal resorption 
probably took place, and in three cases the females died during parturition. 
In such cases the fetuses appeared large, and in some cases labor did not 
occur until 1 to 2 days after the expected date. Although the litters were of 
approximately normal size, in many cases death occurred shortly after birth, 
and the young were eaten. A greatly increased mortality was observed 
among the surviving animals. Those which survived 3 weeks were much 
underweight. The mother in some instances failed also to rear normal pups 
which had been placed with her after the loss of her own litter. In one 
instance normal pups (2) were reared but they were much underweight. 
This failure is believed to be attributable to a failure of lactation. It is of 
interest that only the erucic acid supplement in the diet caused physiological 
impairment in the male animals and that in the form of the failure of spermato- 
genesis. In the females all three of the supplementary fatty acids produced 
dysfunction, manifested by impairment of parturition and lactation. 


Mature Female Rats Maintained on the Supplemented Diet 

Adult female rats were fed the diet supplemented with erucic acid and after 
various intervals they were placed with fertile males. The assessment of the 
fertility of the females is indicated in Table V. 

It is evident that the feeding of the erucic acid supplement to the mother 
for more than 8 weeks resulted in a poor survival of the young. The supple- 
ment containing oleic acid also showed the same effect in a single experiment. 


TABLE V 
RESULTS OF FEEDING FATTY ACID SUPPLEMENT TO ADULT FEMALE RATS 


Dietary Period on No. of rats Fate of 


supplement diet (weeks) with litters young 
15% oleic acid 10 7 52 young of which 44 survived 


1 week, 16 survived 2 weeks, and 
11 survived 3 weeks 


15% erucic acid 5 3 24 young, of which 19 survived 
3 weeks 

15% si 6-7 2 1 litter of 8, 4 survived 3 weeks, 
average weight = 26 g.; 1 litter 
of 8, all died within 8 days 

15% = 4 7-8 5 44 young, of which 40 survived 
3 weeks 

15% " = 8-9 3 3 litters, all dead by 3 days; 2 of 


the females each given 2 normal 
pups; these all died in 6 days 
10-11 2 litters all dead within 6 days 
15% - ” 12-13 4 3 litters all dead within 24 hours; 
: 1 litter of 9, 6 dead within 4 days 


Nm 
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In a few cases not shown in the table, females on the erucic acid supplemented 
diet have not become pregnant. They have, however, shown a series of 
sterile matings followed by pseudopregnancy. 


Morphological Changes in the Female Rats 

The animals which died during parturition, or were killed, showed only 
occasional changes in endocrine organs. A few rats had cysts of the ovary 
filled with clear fluid. The non-pregnant uterus was frequently of a brownish 
color. The pituitary and adrenal glands showed no unexpected changes. 
The thyroid was increased in weight up to 20 mg. in some cases. Striking 
differences, however, were seen in the mammary gland development. In 
animals on the dietary supplement the amount of mammary tissue was much 
less than expected, and when the tissue was cut, no evidence of milk secretion 
was found. Comparable sections of the breast of a control and an experi- 
mental rat were prepared. Fig. 4 indicates the breast development of a normal 
mother 3 days after parturition. The animal had been nursing four young. 
Fig. 5 shows the relatively small amount of breast tissue in the mammary 
gland of an animal which had been fed the erucic acid supplement. It was 
killed 3 days after parturition. The young had survived only 2 days. 
Apparently, not only was the milk secretion reduced in the animal, but the 
mammary development was also different. 


Recovery of Normal Fertility 

As it did in the male rat, the prolonged feeding of the erucic acid supplement 
was found to cause impairment of the reproductive process in the female. 
When the animals which had failed to produce any offspring were again fed 
the stock diet, a variable degree of recovery occurred, as indicated in Table VI. 


TABLE VI 


RECOVERY OF FERTILITY IN FEMALE RATS AFTER REMOVAL OF ERUCIC ACID 
FROM THE DIET 














Period on diet Period on 
with erucic acid stock diet 
supplement (weeks) (weeks) Results (on individual rats) 
2 4 6 sterile matings, 3 pseudopregnancies 
2 4 Litter of 9, 1 alive at 3 weeks (growth stunted) 
5 8 1 sterile mating 
5 8 Litter of 8, all dead at birth 
18 2-4 1 sterile mating, no pseudopregnancy 
30 4 1 sterile mating, no pseudopregnancy 
Litter and mother died at parturition 
30 1-5 6 sterile matings, no pseudopregnancies 
30 2 1 sterile mating and pseudopregnancy 
8 Litter of 8, 5 alive at 3 weeks 


30 4-16 7 sterile matings and pseudopregnancies 
36 2 1 resorption 
8-16 6 sterile matings, no pseudopregnancies 
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It may be noted that recovery of function did not occur in the animals 
which had been fed the erucic acid supplemented diets for longer than 4} 
months. Only one animal which had been fed the stock diet for 8 weeks 
had a litter of eight, of which five survived for 3 weeks. From these preli- 
minary results it would appear that even after short intervals of feeding 
the erucic acid supplemented diet to female rats, recovery of fertility proceeds 
slowly and may be limited. 


Estrous Cycle 

Only in a few animals has the estrous cycle been found to be influenced 
by the supplemented experimental diets. In no case has the animal become 
acyclic, but the duration of the cycle became longer. In most cases, however, 
no alteration in the estrous cycle has been observed. In one experiment 
two animals which had been placed on the erucic acid supplemented diet 
for 9 months were injected daily with 2 ug. of stilboestrol for 1 month. The 
vaginal smears indicated a continuous state of estrus during this period. 


Influence of the Erucic Acid Supplemented Diet on the Body Weight 

All of the animals which have been described have appeared normal except 
for their reproductive capacity. Even after a year on the experimental 
diet the animals have remained healthy and vigorous. Post-mortem examina- 
tion has shown no lesions in other organs than those of reproduction. The 
weights of four groups of the animals are given in Fig. 6. Two groups of 
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Fic. 6. Growth of male rats on different diets. 
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immature male Sprague-Dawley rats, which were fed the diet supplemented 
with 10% recrystallized erucic acid and with the 15% level of oleic acid 
respectively, showed a normal rate of gain in body weight. The group of 
adult male Wistar rats on the 15% level erucic acid supplement increased in 
body weight as rapidly as the group on the stock diet. Even animals fed a 
diet containing a supplement of 30% crude erucic acid suffered only a 
temporary (10 days) retardation in growth rate, and thereafter continued 
to grow at a normal rate and remained in excellent health after 5 months on 
the diet. 


Discussion 


The findings which have been reported demonstrate that the feeding of 
10% or more, by weight, of erucic acid to an otherwise complete diet profoundly 
impairs spermatogenesis in the rat. If animals were placed on this diet 
when they were weaned, degeneration of tubules of the testes began after 
approximately 3 months, and sterility was total in about 5 months. Only 
the tubules were affected; little change was observed in the androgen-controlled 
secondary sex organs. Preliminary observations indicate that sterility 
also develops in the adult animal maintained on the erucic acid supplemented 
diet, although the impairment possibly develops at a slower rate. Efforts 
to restore normal function to the testes by placing the animals again on the 
stock diet produced a degree of improvement whicu suggests that recovery 
may occur if the degeneration has not reached an advanced degree. Male 
rats which are being fed the diet containing 15% by weight of oleic acid or 
25% by weight of rapeseed oil have not shown these deleterious changes. 
The rapeseed oil used in these experiments contained approximately 50% by 
weight of erucic acid in the triglycerides, hence the net proportion of the 
fatty acid in the experimental ration was at least 10%. However, the presence 
of other fatty acids in the rapeseed oil, including the essential fatty acids, 
may have moderated the effect of the erucic acid. Von Euler et al. (10, 11) 
observed no change in the reproductive capacity of rats in their study in 
which the diet was supplemented with Swedish margarine, which contained 
as much as 47% of hydrogenated rapeseed oil. It may be added that the 
impure oleic acid used in our experiments contained about 3% of linoleic acid. 

The histological picture of the testicular lesions observed in the rats on the 
erucic acid supplemented diet is closely similar to that described by Evans, 
Lepkovsky, and Murphy (14) in rats maintained on a diet deficient in the 
essential fatty acids. Similar lesions were observed in the testes of rats 
subjected to prolonged vitamin E deficiency (16), but the changes observed 
in our female rats on the erucic acid supplements were more typica! of an 
essential fatty acid deficiency than of vitamin E deficiency. There is little 
evidence in our findings that erucic acid acts primarily by inhibiting the 
function of any of the sex hormones. Similarly, inhibition of the function 
of some of the anterior pituitary hormones is not compatible with the experi- 
mental observations described. 
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It appears plausible to suppose that erucic acid may act directly through 
an antagonism or competition with fatty acids essential for normal testicular 
function, particularly since the testis is rich in highly unsaturated fatty acids 
(17). Such an antagonism also might account for the previously observed effect 
of erucic acid in increasing the cholesterol content of the adrenal and liver, 
since this occurs also in these tissues in essential fatty acid deficiency (1,7). 
Furthermore, the adrenal, like the testis, contains a relatively large proportion 
of the highly unsaturated fatty acid — arachidonic acid (19). Other workers 
(2,7,15) have observed that the development of symptoms of essential fatty 
acid deficiency may be accelerated and accentuated by the addition of 
hydrogenated fatty acids, trans-isomers of unsaturated fatty acids, mineral 
oil, or cholesterol, to fat-free diets.* To our knowledge, such symptoms 
(i.e. of essential fatty acid deficiency) have not been produced by adding 
these substances to diets containing essential fatty acids. 

It is apparent from our studies that the feeding of erucic acid in the diet 
did not produce all of the effects of essential fatty acid deficiency (3,9). 
Lesions of the skin and kidney, and an increased water requirement, for 
example, have not been observed in our study. Rats fed the diet containing 
added erucic acid appeared remarkably healthy and their normal growth 
rate was unaffected. The normal growth rate observed in the present study 
is, however, in contrast to the earlier results obtained with synthetic diets (6), 
and to the experiments of Thomassen and Boldingh (20), in which erucic acid 
added to a semisynthetic diet caused a definite retardation of the rate of 
increase in body weight. 

It may be argued that the symptoms observed in rats maintained on a 
fat-free diet for a long period are indicative of a multiple fatty acid deficiency, 
even though complete recovery may be obtained by the administration of 
linoleic or arachidonic acids. If this were so, erucic acid may possibly produce 
some of the symptoms of essential fatty acid deficiency without. giving rise 
to the complete syndrome. If erucic acid does act by antagonizing or 
competing with certain highly unsaturated fatty acids, the change produced 
must be to a large extent irreversible. It is known that an increase in the 
level of adrenal cholesterol can be produced by feeding rapeseed oil which 
contains a large proportion of esterified linoleic acid in addition to erucic acid. 
Testicular lesions were produced also by adding erucic acid to a complete 
diet, although there is evidence that these lesions may not be induced by 
the feeding of rapeseed oil in the diet. 

The effect of erucic acid on the female rat cannot be considered as specific 
since oleic acid caused a similar change. The estrous cycles were prolonged 
in some animals but in most cases were normal. Most of the animals became 
pregnant. Fetal resorption occurred in four of the animals which had been 
fed the erucic acid supplemented diet for more than 3 months. In most 

*H. Dam and his associates in a series of papers (see Brit. J. Nutrit. 10, 292 (1956) have 
described testicular degeneration and interference with reproduction in the female as a result 
of feeding supplements of various partially hydrogenated fats. Our results with erucic acid 


bear a close resemblance to their description and it seems possible that their results may be 
partially due to the formation of erucic acid or closely related fatty acids during hydrogenation. 
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cases, however, the young were born alive. In three instances there was 
interference with parturition and the mothers died in labor. The females 
which did not become pregnant gave evidence of frequent sterile matings. 
The failure of conception could not always be attributed to sterility of the 
male. Most of the animals showed a typical pseudopregnancy after sterile 
mating, but some of them mated at 5-day intervals without any cessation 
of the estrous cycle. All these deviations from the normal behavior cannot 
be attributed to the length of time the animals were maintained on the 
special diet. Animals might exhibit sterile matings and then become pregnant, 
only later to lose the litter, or conversely, pregnancy might be followed by 
a series of sterile matings. Relatively prolonged periods of feeding the 
maintenance stock diet were necessary to cause even a partial recovery of 
fertility. In contrast to the behavior of the male rats, some of the females 
showed signs of disturbed fertility after relatively short periods of maintenance 
on the erucic acid supplement. 

The high mortality among the offspring of animals maintained on the 
special diet was clearly evident. Many of the litter died shortly after birth. 
The animals which survived exhibited a poor growth rate and many more died 
before the time of weaning. A few were stunted in growth but showed no 
other abnormality. When newborn animals from normal mothers were 
placed with the experimental mother, they either died or grew at a reduced 
rate. At autopsy, the offspring which died appeared normal but emaciated, 
and their stomachs were empty. It became apparent that the failure to 
survive was attributable to deficient mammary gland development and 
lactation in the mother. In all cases mammary development which normally 
occurs during pregnancy was markedly reduced, and lactation failed to occur. 

The findings in the female rats on the special diet resembled more closely 
the type of change seen in essential fatty acid deficiency than those in 
vitamin A or vitamin E deficiency. The vaginal smears showed no continuous 
presence of cornified cells indicative of vitamin A deficiency (12), and the 
small incidence of fetal resorption compared to the frequency of live births 
would tend to eliminate vitamin E deficiency as a cause (12). The effects 
observed in the females after mating, and in parturition and lactation, however, 
closely resemble those of essential fatty acid deficiency in the rat (8, 13). 
The effects noted on parturition of feeding an oleic acid supplement are not 
readily explained, since the addition of fat to the diet is generally considered 
to have a favorable effect on reproduction (8). 

The reduction in fertility as observed in the male rat, if reproducible in 
other species, may have significance for the control of fertility in the human. 
Erucic acid is readily available and palatable in the diet; it is metabolizable 
and produces no harmful side effects. When ingested in adequate amounts 
it may reduce fertility by ‘partial suppression of spermatogenesis. Our 
findings suggest furthermore that recovery of function may follow the with- 
drawal of the acid from the diet. An extension of the study has been under- 
taken to test the influence of erucic acid in the diet on fertility in species 
other than the rat. 
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